EO WER 


For Executives and Engineers Responsible For Engineered Plant Services 





he ¢ Ee y, 
i eee ee 
SE. ne STs, 





CHT , os — *“ 
=) On. 
Bs a | pee siti: a " ‘ 
? ' 
a 
3 e ' 
/ 
! | 
7 
ed + 
‘ - | ! | , ; { 
eee | 


Does Your Plant Need Voltage Regulators? ............... Page 63 


JANUARY 1953 Heat Rate Correction Factors ................2000+00000+ Page 74 
Coal Crushers ... Types and Classifications ............... Page 82 














ARMSTRONG TRAPS are Designed 
to give Outstanding Performance 


l. Whee wap is 
installed, inverted 
bucket is down 
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T HE highly efficient design of modern Armstrong traps 
reflects over 40 years’ experience in inverted bucket trap 
manufacture and application. 
ARMSTRONG design offers: 


e A “frictionless” leverage system which combines high 
leverage with wide opening of a large orifice. 

© A minimum of parts. 

@ Strong, corrosion-resistant and wear-resistant materials. 

@ Generous margins of safety. 

FOR TRAP USERS this means: 

@ Large capacity. 

@ Dependable service under adverse operating conditions. 

@ Low maintenance. 

@ Continuous operation of heating and process equipment. 

The soundness of Armstrong design has been proved in 

thousands of plants all over the world. To insure depend- 

able condensate drainage simply specify: ‘Traps shall be 

Armstrong.” For additional information, call your local 

Armstrong Representative or write: 


ARMSTRONG MACHINE WORKS 
820 Maple Street, Three Rivers, Michigan ‘ 


@ SEND FOR New 44-PAGE STEAM TRAP ; 
BOOK. Complete dota on Armstrong trap design ond J 
operation; physical dato and list prices; capacities; se- 
lection tallat and ' e rec dat 

Free on request 
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ARMSTRONG STEAM TRAPS 





Otter Tail Power Company handles lignite 


efficiently on Link-Belt 
conveyor system 





Read how LINK-BELT’s 
unequalled experience 
plus quality equipment 
pays off in low fuel 
handling costs 


HEN OTTER TAIL POWER CO. planned their to erection, if desired. Link-Belt builds a complete, 
Ortonville (Minn.) station, economics dictated quality line for every step in handling coal—from rail- 
lignite be used as fuel. Recognizing the handling road car or ship to bunker. For full information, call 
difficulties, they and consultant J. F. Pritchard and Co. the Link-Belt office near you. An experienced engi- 
agreed Link-Belt’s broad fuel handling experience neer will be glad to work with you and your consult- 
offered the best assurance of an efficient system. ants—help you plan for highest efficiency. 
And they were right: The Link-Belt-designed sys- 
tem moves up to 240 tons of lignite per hour. Smooth coe, 
handling minimizes the dusting that is a problem LINK © BELT 
because of the ease with which lignite disintegrates. weet 
Clinging or freezing to conveyor belts—and conse- 


quent belt misalignment—is solved by using snub COAL HANDLING EQUIPMENT 


and bend pulleys of open slat construction. LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Philadelphia, 


You will find it pays to rely on Link-Belt for every Colmar, Pa., Atlanta, Houston, Minneapolis, San Francisco, Los 


: . ° Angeles, Seattle, Toronto, Springs (South Africa), Sydney 
detail of your coal handling system—from planning (Australia). Sales Offices in Principal Cities 13,087 


Double track dump hoppers and double reciprocating plate Note full load of lignite carried by Link-Belt inclined belt 
feeder serve inclined belt conveyor, extending to crusher conveyor from hoppers to crusher. Inclined steel apron con 
Additional Link-Belt conveyors carry material direct to steam veyor from yard coal reclaim hopper to belt conveyor is 
plant bunker or to storage yard seen at top left 
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Lube oil transfer 


Again De Laval IMO rotary pumps prove their versa- 
tility. Eighteen of them are handling all the fuel and 
lube oil services for the six National Supply Company 
dual-fuel engines in the new Owl’s Head sewage treat- 
ment plant in Brooklyn, New York. 


The unique IMO design—with only three moving 
parts—assures long, trouble-free performance. IMO 
pumps are quiet, pulsation-free, compact and excel- 
lent for direct-connected high-speed operation. 





Fuel oil supply to engines 


Lube oil circulating 


Whether your power source is dual-fuel, gas or diesel 
engine, or oil-fired steam, be sure to specify IMO 
pumps for your next oil handling job. Use them in 
high and low pressure fuel oil burner sets, pumping 
fuel oil to burners, unloading and transferring fuel 
and diesel oil, handling oil for lighting off service and 
providing pressure lubrication on pumps and turbines. 
Send for Bulletin LG showing complete IMO line for 
capacities to 1,000 gpm at pressures to 500 psi and 
for capacities to 150 gpm at pressures to 1,500 psi. 


nan IMO Pumps 


DE LAVAL STEAM 
857 Nottingham Way, Trenton 2, New Jersey 
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Fastest 


Torquer in the World!! 


.- the Amazing 
New PROTO 
Torque- 


Limiting 
Wrench with 


Automatic 
Release! 


locations, in “blind” 
spots, in water or oil, 
with gloved hands! 
Automatic release 
tells you “when”, 
without looking or 
listening—prevents 
over- or under- 
torquing. 


KNURLED 
HANDLE 


TYPE 


ADJUSTMENT | 


ENCLOSED 
PRECISION 
SPRING 


Super-Fast 
Easy To Use 
Low-Priced 
Versatile 


AUTOMATIC 
TORQUE-LIMITING 
RELEASE—NO DIALS, 
POINTERS OR 
SOUND INDICATORS 


ALL-STEEL, TROUBLE-FREE 
CONSTRUCTION 
COMPACT—STREAMLINED 
—NO PROJECTING SCALES 
OR OTHER GADGETS 


BUILT-IN REVERSIBLE RATCHET 
HEAD TIGHTENS, TORQUES, 
LOOSENS—ALSO WITH 

PLAIN HEAD 


SIX MODELS—5-75 & 10-150 
FT.-LB. CAPACITIES COVER 
MAJORITY OF REQUIREMENTS 


Tomah, / 


Vastly superior to 
old-fashioned in- 
dicating t the 
r —_ PROTO tor- 
e-limiting wren ickly pays 

or itself by doing ma better and 
faster! See and buy it at your near- 
est PROTO dealer. Send for free 
details (enclose 10¢ for 68-page cata- 
log of the complete PR line) to: 

PLOMB TOOL COMPANY 

2276X Santa Fe Ave., Los Angeles 54 


PROTOS=TOOLS 


LOS ANGELES 





Eastern Factory—Jamestown, N.Y. 
Canedian Factory—London, Ont. 





ACCURATE 
MICROMETER- | 





Acorns of 
science 


Developments not yet 
available, but of interest to those 


responsible for Engineered Plant Services 


Ceramics vs Temperature 


@ For some time ceramics have been 
proposed as a possible answer to high 
temperatures in aircraft. A practical 
step is being taken at Solar Aircraft 
Company where ceramic coatings for 
low alloy and mild steel are under de- 
velopment. Primarily intended for air- 
craft engine use, the company has al- 
ready produced coatings which provide 
protection to low alloys up to 1200 F. 
However, the material will not replace 
high temperature alloys where strength 
is a factor. 


A Billionth of an Ounce 


@ With a Van de Graaff type genera- 
tor that is small but capable of pro- 
ducing two million volts, Stanford Re- 
search Institute has equipment that 
can detect as little as 1/10'* gram. 
Protons (hydrogen ions) are acceler- 
ated in a 20 ft vacuum tube by the 
generator potential and strike the 
substance being measured. Equipment 
similar to a mass spectrograph meas- 
ures rebound velocity of the protons, 
which is proportional to mass of the 
molecule struck. The number of pro- 
tons having a certain velocity measures 
quantity of material having the 
corresponding mass. Early studies may 
include chemical and physical am 
ties of lubricants, behavior of surface 
reactions, study and measurement of 
coatings and finishes and analysis of 
aerosol samples. 


Predict Electronic Failures 


@ As electronic equipment becomes 
more complicated and more widely 
used, reliability becomes more impor- 
tant. To help insure it, the National 
Bureau of Standards has developed 
equipment which is plugged into ap- 
paratus to be checked and identifies 
deteriorated stages and components. 


It has been able to predict failure of a 
military receiver in tests. 


Gas Measurements 


@ A report of the National Advisory 
Committee of Aeronautics shows pos- 
sibilities of a consolidated porous me- 
dium for determining flow rate and 
viscosity of gases. With normal lab- 
oratory techniques, calibration of large 
porous Alundum filtering thimbles to 
meter gas with probable error of 0.1 
to 0.2 per cent appears possible. Ge- 
ometry of filtering elements permits 
metering an appreciable range of gas 
flow rate with small accurately con- 
trolled pressure drops. Results of the 
tests have been employed in determi- 
nation of air viscosity up to approxi- 
mately 900 psia at both 75 and 517 F. 


Renting Research 


@ Advantages in placing research 
projects with outside organizations 
were recently discussed by Dr. H. A. 
Leedy, director, Armour Research 
Foundation. Some of them are avail- 
ability of highly trained specialists, 
economy of ‘renting’ expensive equip- 
ment, added technical manpower for 
desired periods, contractual control, 
isolation from short term production 
problems, fresh viewpoints, adminis- 
trative flexibility, objectivity and mu- 
tual desire of both sponsors and lab- 
oratories for successful research. 


Floating Speed 


@ Patent No. 2,602,632 covers im- 
provements in a high speed, rotary 
air bearing, short hollow shaft turbine, 
the rotor of which is both supported 
and driven by air. The stator has an 
internal cylindrical surface with out- 
wardly flaring end surfaces. The rotor 
diameter is slightly smaller than the 
stator cylinder and has short outwardly 
flaring end abutments. 
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There probably isn’t a thing you buy that you couldn’t buy cheaper. 
Provided, that is, you didn’t figure the real cost—provided you 
weren’t concerned with getting your money’s worth. Right? 


But you are concerned. You buy for longer wear. You buy for 
freedom from trouble. You buy for fewer repairs . . . for more de- 
pendable service. You buy equipment to be worked—not to be 
laid up. You know that thrifty buying isn’t merely price-tag buying. 

And it’s to you, the thrifty buyer, that we like to sell Crane piping 
equipment. Whether it’s a high pressure, high alloy valve or a 2" 
malleable pipe fitting, every unit in the Crane line is built to last 
longer with fewer repairs and lower servicing costs. That’s why 


= a 
year in and year out thrifty buyers have put more Crane Valves 
in service than any other make. THRIFTY 


Crane Co., General Offices: 836 S. Michigan Ave., Chicago 5, BUYER 
Illinois. Branches and Wholesalers Serving All Industrial Areas. 


CRANE 


VALVES + FITTINGS © PIPE + PLUMBING + HEATING 
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Each new product item has a key 
number for your convenience in 
asking for additional, detailed 
information. Insert key number 


Highlights of new products by leading manufacturers on return post card on page 107 


1—Draft gage has 
many advantages 


Many desirable features are listed 
by The Hays Corp. for a draft gage 
known as Vertiscale. Among these 
features are: 3-way atmospheric vent; 


easy “one man” zero check; large 
label space; magnetic access door; 
fluorescent lighting; removable units; 
no paralax; dust tight case; and Lucite 
scales. One to twelve units can be 
mounted in a single case, Four types 
of mounting are available. 


2—Solvent cleans motors 
while in operation 


Motors and generators can be clean- 
ed without disassembly by using a sol- 
vent manufactured by The Shaler Co 
Cleaning is' accomplished by operating 
the unit for 3 to 5 minutes while sub 
merged in the solvent, or by spraying 
the product into the intake side of the 
motor while it is in operation. Motors 
accidentally submerged in water can be 
cleaned without baking. The solution 
does not affect gasoline or oil resistant 
wiring and insulation 


3—Flat-sided conduit for 
underground duct systems 


Soapstone non-metallic conduit for 
concrete-encased underground power 
and communication circuits is now 
available in a flat-sided design. This 
permits multi-way duct systems to be 
built up quickly and accurately without 


the use of spacers required with round 
conduit, according to the manufacturer, 
Soapstone Duct Co. 


4—High-slip motor 
features smaller size 


For use in acceleration of high in- 
ertia loads such as punch presses, cen- 
trifuges and hoists, General Electric 
Company’s Small and Medium Motor 
Dept. has developed a totally enclosed, 
fan-cooled, high-slip induction motor, 
type KRX. It is as much as 30 per cent 
smaller and 40 per cent lighter than 
conventional units of this type. Capac- 


ities are 30 to 150 hp at 900 and 1200 
rpm, with 5 to 8 and 8 to 13 per cent 
slip. Voltages are 220, 440 and 550 


5—Device controls carbon 
potential for heat treating 


To permit the heat treater to set his 
atmosphere generator or furnace in 
equilibrium with any steel to be heat 
treated, Lindberg Engineering Co. has 
developed an instrument named the 


Carbotrol. The unit automatically con- 
trols and records the carbon potential 
of furnace atmospheres produced by 
endothermic generators. In operation, 
the heat treater merely sets a pointer 
to the carbon content of the steel. 


6—Flexible hose has 
unusual characteristics 


Strength, flexibility, resistance to oil 
and abrasion, and ability to withstand 
high and low temperatures are char- 


acteristics of Wiretex flexible, high- 
pressure rubber hose, according to Re- 
public Rubber Div. of Lee Rubber & 
Tire Corp. It will withstand working 
pressures to 5500 psi and temperatures 
from -40 to 200 F. Standard sizes are 
Ys to 2 in. for hydraulic control hose. 
Other types are designed for such 
industrial requirements as steam, air 
and ammonia, 


7—Unit filters and 
dehydrates compressed air 


Instrument quality compressed air 
is provided by dehydrating and filter- 
ing ordinary plant air in the model 
B-30-D Condensifilter, according to the 
manufacturer, Hankison Corp. In op- 


eration, the air is dehydrated as it 
passes through a water-cooled spiral 
condensing section. Dirt, oil and other 
contaminants are removed by a filter 
cartridge. The contaminants are then 
discharged through an automatic trap 
Capacity is 30 cfm at 100 psi. 


(Continued on page 12) 
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How to plan PLUMBING AND HEATING IN A SMALL 
TAXPAYER BUILDING 


The one-story “taxpayer” building 
developed with the movement of shopping 
centers to suburban areas. Constructed 
with or without a basement, it houses 
retail stores, service establishments, 
amusement centers, restaurants and offices. 

Heating and plumbing requirements of 
such a building are usually provided by 
the owner, whose main interest is economy 
and trouble-free operation. An oil or gas 
fired steam boiler with automatic controls, 
and a separate gas fired heater for hot 
water supply, as illustrated, is commonly 
used. 

The two-pipe heating system, located 
in the basement, utilizes unit heaters hung 
from the ceiling to save space. Individual 
thermostatic controls assure fuel savings 
and even heating. A further refinement 
of the control system would include an 
automatic shutoff or modulator valve on 


Fam MOTOR 
CONTROL E 


STOME TrQmmos Tat STEAM SUPPLY wan 


OT waTer 
UP TO STORE MO! 
i? rixtures 


ONOENSATE 
RETURN wale 


WOT waTER 
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WATER me aTER 
(Gas FIMED) 


COMBINATION PRESSURE ant 
TEMPERATURE RELIEF vave 


neater 


Copyright, 1952 — Jenkins Bros. 


Ton 


FLOAT AND 
Trem ostare 
har 


rreTuees 


“OT WATER UP TO 
STOME MOS FaTURE 


the steam line just ahead of each heater, 
and an aquastat in the condensate return 
line from each heater. Piping is simple 


VALVE RECOMMENDATIONS 
Send for details of Jenkins Valves 
to suit varying conditions 


s/ 


[Gven| Jenkins Valve ‘i 
370 Bronze Gote 
370 Bronze Gate 
106.A Bronze Globe 


92 Bronze Swing 
Chee 


108A Bronze Angle 
108A Bronze Angle 


106. A bronze Globe 
106.A Bronze Globe 


= FO wim 9 nw > 2! 


370 Bronze Gate 


Service 


Water Service Shutoff 
Distribution Shutoft 
Water Supply to Boiler 
Prevent Boiler 

Bock flow 
Emergency Boiler Fill 
Level Controller 

Shutoff 
Drains Shutof 
Steam Supply to Heoters 


Condensate Drain 
Shutofts 


in such an installation and standard-ype 
valves are used. 


Consultation with accredited piping 
engineers and contractors is recommended 
when planning any major piping instal- 
lation. 

To save time, to simplify planning, to 
get all the advantages of Jenkins special- 
ized valve engineering experience, select 
all the valves you need from the complete 
Jenkins line. It’s your best assurance of 
lowest cost in the long run. Jenkins Bros., 
100 Park Ave., New York 17. 


Complete description and enlarged 
diagram of this layout free on request. 
Includes additional detailed information. 
Simply ask for Piping Layout No. 64. 
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Steam Main Trap 
Connection 


106.A Bronze Globe 


106.A Bronze Globe | Trap Byposs 


Hot Woter Heater 
Shuto 

Fig. 92 Bronze Swing Prevent Water Heater 
Check Backflow 

Fig. 370 Bronze Gote Water Supply Shutofls 

Fig. 743-G Bronze Needle) Pressure Gage Control 

Fig. 651 1.6.8.M. Gote Steam Main Shutoft 

Fig. 370 Bronze Gote Return Shutoff 


JENKINS 


L008 FOR THE SiAmOne Bare 


VALVES =<@ 


Fig. 47-U Bronze Gate 


























I-T-E Metal-Clad Switchboards complement latest engineer- 
ing advances with neat, modern design. HV circuit breakers 
are easily withdrawn from compartments. Safety is the keynote. 


indoor and outdoor equipment in ratings: 4160 volts—50,000, 150,000, and 250,000 KVA interrupting 600, 1200, and 2000 amperes continuous 
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Modern switchboards last 20 years or longer. 
During this period, you can expect periodic 
inspections, load changes, certain maintenance, 
and, of course, short circuits and overloads. 

Consider the outstanding advantages to your- 
self of I-T-E horizontal drawout switchgear over 
the life of the equipment in each of the following 
instances: 


When inspections are made 


Truck-mounted circuit breakers can be wheeled 
out of compartments quickly and easily. Safety 
shutters isolate “‘live’’ contacts in the compart- 
ment. Connected equipment can then be exam- 
ined carefully without danger to personnel. 


When loads change 


Relay settings are quickly adjusted to compen- 
sate for load changes. On wider load variations, 
current transformers may be changed. Isolation 
of compartments in Metal-Clad construction 


wm 20 years and more of easier handling 


permits these changes without interference with 
the main bus. Circuit breakers may be removed 
from their compartments to assure complete 
safety. Horizontal drawout circuit breakers in 
drawout switchboards make this possible and 
convenient. 


When maintenance is performed 
Each circuit breaker is withdrawn from switch- 
board, checked, and adjusted if necessary. 
Service continuity is assured. While the circuit 
breaker is out of service, a spare can be used to 
replace it. One spare circuit breaker provides 
adequate insurance for many feeder circuits. 
Your local I-T-E sales engineer will be glad to 
show you the specific advantages of Horizontal 
Drawout Switchgear in your own application. 
Or for complete details on I-T-E Metal-Clad 
Switchgear, send for Bulletin 7004-B, Dept. 
IR, 1-T-E Circuit Breaker Co., 19th & Hamil- 
ton Sts., Philadelphia 30, Pa. 


METAL-CLAD SWITCHGEAR 








I-T-E CIRCUIT BREAKER COMPANY 
19TH AND HAMILTON STREETS © PHILADELPHIA 30, PA. 


(Rei) Equipment Division « Greensburg, Pa. 
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New equipment 
and developments 


(Continued from page 8) 





8—Control system eliminates 
storeroom condensation 


Atmospheric 
items in storage 


condensation affecting 
can be avoided by an 
automatic control system engineered 
by The Foxboro Co. The controller 
which keeps the temperature of stored 
material above the dew point of the 
air, takes the corrective action before 
moisture conditions develop. Applica 
tion is discussed in a 2-page data sheet 


9—Gearmotor meets special 
mounting limitations 


Westinghouse Electric Corp. has de 
signed a Lifeline type B single-reduc 
tion gearmotor to meet mounting’ re 


quirements peculiar to side entry 
agitators and mixers. It also is suitable 
for light duty coupled service applica 
tions such as fans and pumps. Ratings 
are 1 to 30 hp, 780 to 420 rpm, AGMA 
Classes I and II. 


10—Instrument prevents 
excessive flow 


For processes or equipment where 
pipeline flow is not to exceed a given 
value, Potter Aeronautical Co. has de- 
signed the Max-Alarm system. Having 


an 8 amp, 125 v built-in relay, it can be 
used to operate warning signals as well 
as to shut off a pump or close a motor- 
ized valve. Allowable pressures are to 
20,000 psi at temperatures from 4 abs 
to 1200 F. 


12—Iluminator permits 
accurate gage readings 


Accurate gage readings of boiler 
water level are provided over long 
distances, through dusty air or de 
posits on the gage glass, or in poorly 
lighted areas, by a mercury vapor 


illuminator developed by Jerguson 
Gage & Valve Co. In operation, the 
water column shows blue-green, top- 
ped with a brilliant emerald green 
spot at the water level. Sizes, con- 
struction and installation are discussed 
in an available catalog. 





TO REQUEST ADDITIONAL FREE DATA 
Insert “key"’ numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





13—Unit controls 
alternator frequency 


General Electric Company’s Special 
Products Section has designed a con- 
stant frequency control said to hold 
alternator frequency within 0.001 per 


cent on motor generator sets supplying 
up to 10 kw. Suggested applications in- 
clude: stand-by power for automatic 
and synchronous equipment; power 
supply for high accuracy clocks and re 
corders; as a plant frequency standard; 
and for use with constant-speed me- 
chanical drives. Units for 50, 60 and 400 


c, single or three phase, are standard 
It operates on 115 v, 50 or 60 c power, 
using approximately 150 w. 


14—Instrument transformer 
extends ammeter range 


Associated Research, Inc. has de 
veloped a large window, donut type 
instrument current transformer to pro 
vide an inexpensive method of extend 
ing ammeter range to measure current 
flow in large conductors. Maximum OD 
of the model 321 is 5 in.; minimum ID 
is 2.25 in. and maximum thickness is 
1.75 in. Ratios are from 1000 to 5 up to 
2500 to 5, and capacity is 2.5 va. Specifi 
cations are listed in a data sheet 


15—Inhibitor for use 
after wet blasting 


lo retard rusting of ferrous parts 
being cleaned and washed after wet 
blasting, American Wheelabrator & 
Equipment Corp. is marketing a liquid 
rust inhibitor known as Anarust. It 
is of organic composition, and contains 
no chromates. It is water soluble, non 
irritating to the skin, and not subject 
to bacterial decomposition, It can also 
be used prior to such operations as 
plating, enameling and painting 


(Continued on page 16) 





11—Overhead carrier is 
equipped with scale 


Cleveland Tramrail Div. of The 
Cleveland Crane & Engineering Co. 
has designed an overhead traveling 
carrier equipped with a hydraulic cell 
scale to permit weighing of all loads 
handled. The cell is operated by a 
lever to which is fastened the upper 
hoist block. Resulting pressure is 
transmitted from the cell to the scale 
dial by hydraulic tubing. The motor 
driven tramrail carrier has a_ travel 
speed of 300 fpm. Hoist speed is 38 
fpm with a 36 ft lift. Both travel and 
hoisting motors are provided with vari- 
able-speed controllers. In _ addition, 
the hoisting controller is designed for 
dynamic iowering. Load capacity is 
3 ton. Variations of this unit can be 
made to meet other specifications. 
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How a 


From routine water treatment 
reports and water sample analyses, experts 
at Nalco Laboratories keep a complete record 
of your plant water treatment — can assist 
materially m maintaining permanent woter 
treatment security 


WATER TREATMENT 


SERVICE AGREEMENT 
WORKS FOR YOU 


PERATION of your plant under 

a Nalco Water Treatment 
Service Agreement gives you two 
important safeguards against 
water treating problems in any 
form. First, Nalco will provide 
proper water treatment chemicals 
and procedures. Second, an 
experienced Nalco Service Repre- 
sentative will make regular visits 


to your plant, and is 
on call at any time 
to deal promptly 
with emergencies. 
Whether you have 10 or 10,000 
BHP, this combination will provide 
what thousands of Nalco System 
users have learned to take for 
granted: permanent water treat- 
ment security. 


Write, now, for full information 
on a Nalco Service Agreement 
for your plant. 


NATIONAL ALUMINATE CORPORATION 


6218. West 66th Place 


¢ Chicago 38, Illinois 


Canadian inquiries should be addressed to Alchem Limited, 
Burlington, Ontario, Canada 


SERVICE AGREEMENT 
SECURITY FEATURES 


COMPLETE WATER TREATMENT SuUR- 
VEY of your plant by an experienced 
Nalco representative 

LABORATORY ANALYSES of water sar 
ples Initial mplete analyse 
followed by routine sampling 
analyses a hecks on plant tests 
RECOMMENDATIONS of chemicals 
testing and control procedures t 
establish water treatment security 
REGULAR CALLS by a Nalco Represen 
tative to assure continuously success 
ful treatment 

REPORT SYSTEM to Nalco Laborat 
gives cross-check on all phases of t 
Nalco System; enables keeping « 
complete perlormance records or 
your plant 

CONSULTING SERVICE always avai! 
able to assist in solving current prot 
lems and in planning changes or 
additions to your plant which may 
aliect water treatment 


SYSTEM ©¢ Serving Industry through Practical Applied Science 
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RUGGED CONVEYORS 


Serving Many 
Diversified Industries 


Coal...Coke...Crushed Stone 
... Burnt Lime...Hot Sand from 
Shake-out.. .. Castings 


inclined or Horizontal... 
Can Be Made LEAK-PROOF 


Jeffrey Apron Conveyors and Apron With tooth surface, 
Feeders will provide all-day, contin- this unit is used 


widely as a feeder conveyor 
vous service. Send for additional in- sack tp tellin eat tom 


formation. ings to crusher. 


A rugged type of 

Apron Conveyor es- 

pecially designed as 

a shake-out conveyor—will 

not leak the driest material 
—accurately formed double- 

beaded flights and ends. Two strands 
of heavy steel thimble roller chain with 
outboard carrying rollers either plain or 
ontifriction. 


A section of Steel Thimble Roller Chain with 
long pitch, having extended side bors for 
large capacity Apron Conveyor service 


Above — oc section of 

Apron Conveyor — de- 

pressed pan type. Movunt- 
ed on Steel Thimble Roller Chain with 
flanged rollers for operating on rails os 
shown. The pressed steel bottoms ore 
welded to the overlapping ends which 
ore bolted to the chain side bars 


This section of Apron Conveyor has its ends formed 
by the extension of the chain side bars. The beaded 
ond curved, or perfect discharge flights offer no 
resistance to flow of materiol. 


Materiai Handling 
Processing and 
Miniag Equipment 








New equipment 
and developments 


(Continued from page 12) 





16—Coolant pump 
features low cost 


For use with small machine tools, 
Samuel S. Gelber Co. has developed 
a low cost, self contained coolant pump 
system Known as Bantam, it in- 
corporates only one moving assembly 


A flow valve gives instant adjustment 
from 0 to 400 gph. Capacity is 400 
gph at zero head and 200 gph at 6 ft. 
A 1/30 hp fan cooled, all-enclosed 
motor operates on 110 v, single phase, 
60 c. A data sheet is available. 


17——-Radio-frequency generators 
have high kva ratings 


Westinghouse Electric Corp. has in- 


troduced two radio-frequency genera- 
tors, rated 25 kw continuous at 450 kc 
in accordance with NEMA standards 


The tank circuit has a high kva rating, 
said to be the real measure of useful 
work that can be accomplished. One 
model is for relatively long production 
runs with infrequent readjustment, 
while another is available for short runs 
and quick set-up changes. 
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18—Unit combines pressure 
regulator and filter 


Minneapolis-Honeywell Regulator 
Co., Industrial Div., has developed a 
compact unit providing the functions 
of a_ reducing-relief valve combined 
with a filtering arrangement for line 
service. According to the manufacturer, 
line pressures to 150 psi can be reduced 
and maintained at any regulated output 
pressure from 0 to 35 psi without ap- 
preciable drift or air consumption 





TO REQUEST ADDITIONAL FREE DATA 
Insert “key” numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





19——-Manometer rolls up 
for easy carrying 


Field men will welcome the series 
1211 flexible manometer, which rolls 
up to fit into a pocket or service kit. 
The unit, developed by F. W. Dwyer 
Mig. Co., consists primarily of a vinyl- 
plastic body and a convexed spring 


steel scale. Although held firmly, the 
scale can be easily adjusted for zero. 
U-tube units are available from 8 in. to 
10 ft in water or mercury 


20—Pressure reducer 
features miniature size 


Pressure measurements of pulsations 
in hydraulic systems and pipelines are 
simplified by a miniature pressure re- 
ducer, according to the manufacturer, 
Consolidated Engineering Corp. Known 
as type 4-310 Star Pickup, it has a 
flush diaphragm for insertion directly 
into a process vessel or stream of either 
liquid or gas. The unit is designed for 
use with recorders as well as visual in- 
dicators and meters. Specifications are 
given in a 6-page bulletin. 


21—Louvre diffuser is for 
fluorescent lighting 


Architectural beauty and lighting e ef- 
ficiency are said to be combined in a 
plastic louver diffuser created by the 
Edwin F. Guth Co, Designated Grate- 
Lite, the diffuser has been developed 


for use with fluorescent tubes and fix 
tures. Quality of light is said to be im- 
proved due to a lower apparent bright- 
ness caused by the lattice-like pattern. 
Sizes up to 4 ft in length are available 


22—Capacitor equipment is 
for ungrounded systems 


For 15 kv ungrounded wye or delta 
systems, General Electric Company’s 
Capacitor Dept. has developed new 300 
kvar, open type, automatically switch- 
ed capacitor equipment. A basic im- 
pulse level of 95 kv permits application 
on ky systems. The capacitors are 
mounted on pedestal insulators to 
provide increased insulation. Units also 
are supplied without switches for use as 
fixed capacitor equipment 


23—Motor provides 
positive lint expulsion 


Designed for the textile industry, a 
screenless open motor developed by 
the Small and Medium Motor Dept. of 
General Electric Co. incorporates a 
simplified ventilation system combining 
effective cooling with positive lint ex 
pulsion. It will be offered first in spe 
cial ratings for “Soft-Start” textile ap 
plications. Standard ratings of 2 to 15 


hp at 1800 rpm, 1% to 10 hp at 1200 
rpm, and 2 to 7% hp at 900 rpm will 
become available later. 


24—Conveyer belt designed 
for sanitary applications 


For applications requiring absolute 
cleanliness, Main Belting Co. has de- 
veloped a conveyer belt with a dirt 
and abrasion resistant poly-vinyl coat- 
ing. Pores of the belt are said to be 
so minute that they do not readily 
collect dust. In addition, the surface 
does not become soiled under normal 
operating conditions. 


(Continued on page 20) 
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Any way you figure it, corrosion of steam and 
condensate lines is a serious problem . .. and a 
costly one! Replacement of corroded lines, 
interrupted production, increased labor and 
maintenance send costs spiraling far beyond 
the limits of economical plant operation. But 
something can be done about it right now, with 


complete assurance of satisfactory results. 


Take the case, for example, of a large plastics 
molding plant which operated the cycle on its 
molding machines alternately with steam and 
oxygen-saturated cooling water. Under these 
conditions, severe corrosion resulted. Check 
valves on the steam supply lines to the machines 
had an average life of only one week —sometimes 


even less! Costs were skyrocketing. 


Here’s what Betz did about it. By applying its 
patented filming amine treatment, piping and 
valve losses stopped immediately! After three 


years’ treatment with this advanced technique, 
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LET’S GET 


WITH RETURN 
LINE CORROSION ! 


satisfactory corrosion control continues. What's 
more, plant records show savings in labor and 
maintenance have averaged 30 times the cost 


of the treatment applied. 


This is just one example of how Betz Engineers 
help keep plants like yours at peak operating 
efficiency. Why not get in touch with Betz 
today as the first step toward solving your 
particular water problems. There's no obliga- 
tion, of course. W. H. & L. D. BETZ, Gilling- 
ham & Worth Streets, Philadelphia 24, Pa. In 


Canada: Betz Laboratories Limited, Montreal Ll. 





For the full facts and 
figures on how BETZ is 
solving return line corro- 
sion problems in plants 
like yours, write today for 


Technical Paper No. 124, 





66 ° 
Experience showed us how 


FUSETRON FUSES 


Prevent Motor Burnouts... 
now we protect all Motors on our Units 


with them! ” Fuanklin Van Reed 


Production Engineering Supervisor 
ORR & SEMBOWER, INC., Reading, Penn. 


“Here's what Happened in our Plant” 


Back in January of 1951 we had a 
motor on a pump that was supposed 
to draw a maximum load of about 8 
amperes, yet it began blowing 
FUSETRON fuses of motor protec- 
tion size. 


*“We were inclined to believe some- 
thing was wrong with the fuses — 
but after checking with an ammeter 
we found that an automatic relief 
by-pass was sticking and causing the 
motor to draw about 12 amperes. 


“If the Fusetron fuses had not 
opened, the motor would undoubtedly 
have burned out. 


“Now on all our Powermaster 
Steam Generator Units we use 
Fusetron Fuses to protect the motors 
on the fuel pump, the boiler feed- 
water makeup pump, and the air 
compressor.” 

Franklin Van Reed 
Production Engineering Supervisor 
ORR & SEMBOWER, INC., 
Reading, Pennsylvania 
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You, too, can profit by the 
10 POINT PROTECTION of Fusetron Dual-Element Fuses... 


1 Protect against short-circuits. * THE MONEY YOU SAVE... by preventing 

2 Protect against needless blows caused by 
harmless overloads. 

3 Protect against needless blows caused by 
excessive heating — lesser resistance results MORE THAN PAY FOR the replacement of all your 
in much cooler operation. ordinary fuses with Fusetron dual-element Fuses. 

4Provide thermal protection — for panels 
and switches against damage from heating 
due to poor contact. 

: THIS COUPON WILL BRING YOU 

5 Protect motors against burnout from over- 3 : 
loading. complete information about the 

6 Protect motors against burnout due to single All-Purpose Protection of TRUSTWORTHY NAMES IN 
phasing. FUSETRON Dual-Element ELECTRICAL PROTECTION 


7 Give DOUBLE burnout protection to large FUSES 
motors — without extra cost. a 
8 Make protection of small motors simple and 


i i Bussmann Mfg. Co., University ot Jefferson, 

asta seagunetd St. Lovis 7, Mo. (Division of McGraw Electric Co.) 
9 Protect against waste of space and money— 

permit use of proper size switches and panels. 


10 Protect coils, transformers and solenoids 
against burnout. 


one needless shutdown, one lost motor, one destroyed 
switch or panel or one burned out solenoid ... MAY 





Please send me complete facts about FUSETRON dvyol-element Fuses. 


Nome 


*Fusetron Fuses have high interrupting capacity as 
shown by tests of the Electrical Testing Laboratories 
of New York City in December 1947. 


Title 
Compony 


Address 
FUSETRON is a trade mark of 


the Bussmann Mfg. Co., Division 
of McGraw Electric Co. City & Zone 
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New equipment 
and developments 


(Continued from page 16) 





25—Fuel oil conditioner 
improves combustion 


ty replacing hydrogen atoms strip 
ped from petroleum molecules during 
catalytic refining, an additive known 
as Oilate insures complete combustion, 
according to the manufacturer, Ameri- 
can Additive Co. In addition to in 
creasing thermal efficiency of the fuel, 
it is said to eliminate moisture, sludge 
and carbon deposits. It is recommend 
ed for all grades of burning oils 


26—Relief valve is 
for high pressures 


Denison Engineering Co. has an 
nounced the addition of a 2 in. Hydr 
OlLic relief valve to their line of 
hydraulic equipment. It provides con 
trol up to 5000 psi with volume ca 
pacities to 125 gpm, and is available 
with either threaded body or for sub 
plate mounting. Advantages claimed 


for the valve include fast action, close 
pressure control and a reduction of 
over-pressure and pressure-drop con- 
ditions. Literature is available. 


27—Thermocouple is for 
use with small masses 
Many applications are suggested by 
the Industrial Div. of Minneapolis- 
Honeywell Regulator Co. for a thermo- 


couple assembly, type J, developed to 
accurately detect temperatures in mass- 
es as small as plastic molds of 2 oz. 
It can be placed in the die or mold so 
that the measuring junction is as close 
as practical to the cavity. A compres 
sion sleeve facilitates rapid thermo- 
couple replacement. 





TO REQUEST ADDITIONAL FREE DATA 
Insert “key” numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





29—Unit positions 
cylinder-operated devices 


Accurate positioning of cylinder 
operated devices is the function of the 
Poweractor positioner, introduced by 
The Foxboro Co. Operating from a 
standard 3-15 psi pneumatic controller 
signal, it applies a high pressure, 
pneumatic differential across a_ cyl 


inder piston, sufficient to produce the 
position demanded by the controller 
Che units handle up to 150 psi air 
supply, depending upon cylinder rating 


30—Extreme pressure additive 
for lubricating oils 


Molykote M-55 has been developed 
by The Alpha Corp. to serve as an ex 
treme bearing pressure additive in 
forced-feed lubrication systems, and 
as an additive to cutting and coolant 
oils whenever the frictional component 
is important, such as in thread rolling 


and high speed forming operations. 
It consists of a colloidal dispersion of 
molybdenum-disulfide powder  sus- 
pended in a synthetic vehicle compati- 
ble with any petroleum or sulfur base 
cutting or lubricating oil. Literature 
is available. 


31—Evaporative condenser 
permits many arrangements 


Flexibility of arrangement and acces- 
sibility, through use of building block 
construction and removable sectional 
components, are features of redesigned 
evaporative condensers manufactured 
by United States Air Conditioning 
Corp. Known as usAIRco model 
ECU, they are offered in six sizes with 


capacities from 7% to 40 ton. The 
units can be readily disassembled in 
the field and reset in any of 16 dif- 
ferent arrangements. 


32—-Thermoplastic cement 
has many uses 


For general industrial use, the Indus- 
trial Div. of American Consolidated 
Dental Products Co. has announced a 
quick-setting thermoplastic cement. 
The product, known as F-88, does not 
require air for setting and is said to be 
permanent, even in hydrochloric acid. 
It can be used for gluing, bonding, fill- 
ing and sealing most materials. The 
user prepares the cement by mixing 
powder and liquid to form a paste. 


(Continued on page 24) 





28—Packaged system controls 
and records temperatures 


For controlling and 


needs of the individual installation. 


tion of units comprising the system, 


out recalibration, and low initial cost. 


20 


recording temperatures, The 
Swartwcut Co. has announced a package based on units 
of the all-electronic Autronic control system. 
is composed of a temperature primary element transmitter, 


The manufacturer 
lists a number of advantages for this stystem. 
are instantaneous and accurate response, unrestricted loca- 
adaptability to many 
different processes, interchangeability of components with- 





Vata 


controller, recorder, manual control, power relay, and one ie 
or more constant voltage transformers depending on the 


The package 


Among these 
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YOU vetermine 


rue cost of COLE 


WHEN cooling water_is manually controlled, the 
operator usually plays safe by running with every- 
thing wide open. Result—overcooling. 


/ WHEN YOU OVERCOOL IN YOU PAY MORE Schrosim water-cooled stationary cir 

y- compressors use Sarco rigid stem cooling 

F Internal controls, type TR44-R as a standard ac- 

4 1. Combustion by lower efficiency cessory. These Sarco Regulators protect 

y Engines and Compressors by impaired lubrication the compressor, yssure efficient opera- 

/ tion and save water besides. 

2. Process work by wasting 50% or more 
/ of cooling water used 


by increasing rejects 


3. Refrigeration for compressor power. For 
example, it costs 15% 
more to cool milk to 
37°F than to 40°F. 


Sarco dependable, self-operated cooling controls 
prevent overheating and overcooling and assure 


maximum efficiency at minimum cost. 
S Four tyP ical ona les _ shown in our illustra- At Formers’ Chemicol Laboratory, Kalo- 
tions. Hundreds more are in our files. mazoo, Mich., cooling water to this still 
Ask for Catalog 700-13. Sarco Company, Inc., sewer enh teacegimaata 
Empire State Bldg., New York 1, N. Y. Represented ee a 
in principal cities. Sarco Canada Ltd., Toronto 8, 
Ontario. 


B SARC) comm 


a sarco regulator for every job 





Diesel engine jacket water and 
lubricating oil coolers at Sea- 
ford Light & Power Company, 
Seaford, Del., ore equipped 
with Sarco type TR23-509 three- 
way recirculating temperature 
controls. Valves are tight seat- 
ing, but fully balanced, 





Rigid stem cooling control, type TR54-R as 
used on plastic injection molding machines 
ot The Jamison Corporation, Freeport, N. Y. 
“Saves $25.00 each day on each machine.” 
Also used on stationary air compressors. 
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® valve values 
PHOTO NEWS 





MICROMEASURING... 


Edward Dimensional 
Control In Action 





The young lady at right is operating the Micronoscope, a 
unique measuring device developed by Edward to check the 
all-important seat-disk joint on steel valves. Exclusive with 
Edward, this high vacuum inspection tool detects minute varia- 
tions in surface finish and concentricity. If the joint is not vacuum- 
tight it is rejected! 

Here at Edward we’re well equipped with measuring devices 
of all types—and we use them often. For example, the components 
that make up each of the Fig. 7543 blow-off valves illustrated on 
the opposite page get 196 dimensional checks during manufacture. 
Regular inspections on all valves are performed at every manu- 
facturing step by highly trained inspectors whose only responsi- 
bility is to double-check on the precision of our machines and men. 

All this has a dollars and cents value for you. For this manu- 
facturing accuracy, when added to Edward design and metal- 
lurgical leadership, results in valves that give long dependable 


service free from expensive shut-downs or high maintenance cost. 


At Edward, the latest developments in optics, 
electronics, and other sciences are constantly 
searched for better methods of dimensional control. 


. \bove, optical contour projector magnifies image 
a | - 4 of stem for Fig. 952 instrument valve 6214 times, 


permits checking all tolerances to one ten-thou- 
4 
~ \ 
> , 


sandth of an inch, all angles to one minute. Below, 
Electronic surface analysis test of stems for Fig. 4828 valves. Surface variations are 


electrically operated Pratt & Whitney standards 
machine measuring accurately to within .000010 of 
in millionths of an inch, reproduced on chart in Inspector's hand. 


an inch is used to check thread gage. 











HOW TO SELECT 
AND OPERATE 
BLOW-OFF VALVES 


A few special precautions in selecting and operating your 
blow-off valves will prolong their life, cut down on mainte- 
nance, and avoid trouble. For example: 

1. Select two valves of identical design. This will permit in- 
terchangeability of parts. 

2. During blow-down periods, first open the valve nearest 
the boiler wide, then slowly open the valve furthest from 
the boiler. In shutting down the valves, close the valve 
furthest from the boiler first, then close the valve nearest 
the boiler. 

This operating sequence places most of the wear on the 

valve furthest from the boiler and insures that a good tight 

valve is found nearest the boiler at all times. Should the 
valve furthest from the boiler, which is used as the blow- 
ing valve, show signs of excessive wear, seat erosion, etc., 
it can be removed from the line and repaired or replaced 


without shutting down the boiler, while the valve nearest 
the boiler maintains boiler pressure. 


Pick blow-off valves with the packing far removed from 
the high temperature zone. An extra feature in Edward 
valves is a positive backseat which seals off packing from 
the high temperature area. 

Avoid gadgety-involved designs in selecting your blow- 
off valves. You're interested in long dependable service, 
not in trick construction. 


The blowing valve should not be opened too quickly in 
order to avoid damaging shock to piping. Edward blow- 
off valves are of a special slow Opening variety, and can be 
opened at normal speed, eliminating the possibility of 
error by inexperienced operators. 

Many of your blow-off problems can be eliminated by 
selecting Edward valves, veterans of nearly fifty years of 
service in blow-off applications. With Edward you get a func- 
tionally simple design for greatest dependability. The use of 
identical valves permits maximum piping flexibility and inter- 
changeability of parts. Disk is elevated from seat on operating 
instead of grinding against it, eliminating the possibility of 
seat-disk galling. 

Provided in ASA pressure classes for 300, 600, 900 and 
2500 Ib, sizes 114", 2”, 2%” 


A straightway or angle, flanged 
or socket welding ends. Stellite or EValloy trim. Write tor 
Catalog 12-D. 


EDWARD VALVES, Inc., Subsidiary of 
ROCKWELL MANUFACTURING COMPANY 
40 W. 144th STREET « EAST CHICAGO, INDIANA 


GLOBE AND ANGLE STOP * FEED-LINE * BLOW-OFF * NON-RETURN 
CHECK * GATE * GAGE AND INSTRUMENT * RELIEF * STRAINERS 





*“‘Creep’’ Robs Metal Strength 
At High Temperatures 


Steels stressed in a high te mperature range show an unusual 
behavior—over a period of many days or years they may 
slowly stretch or bend out of shape This phenomena 1s 
known as ‘creep’. Some plastic s dothis at room temperature 

“Creep strength” rather than tensile strength limits the 
use of metals in valve design for high temperature use. This 
“creep strength’, expressed in psi, refers to the load that 
can be carried by a metal without excessive plastic flow. 
The limiting plast flow 
an increase in length of | per cent in 100,000 hours of time 

A single creep test must be run for 1,000 hours or more 
to measure this small rate of plastic flow. Each new type 
of metal to be investigated must be tested at several different 


; most commonly considered as 


loads to find the one which will most nearly cause plastic 
deformation at a rate of 1 per cent in 100,000 hours. Fach 
set of tests must repeated at several temperatures to 
cover the operating range in which the steel might be used 
Hence, ten to twenty tests of 1,000 hours each are needed 
to find the creep stre neth of a sing type of steel 

The creep strengths of six different steels often used in 
valve bodies for high t mperature service are shown below 


—s 


a 
— 
° 
° 
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stress. 











TEMPERATURE—FAHRENH ENT 


CREEP STRENGTH VS TEMPERATURE 


1. Low Carbon Steel 

2. Carbon———0.50% Molybdenum Steel 
3. 1.25% Chromium——0.50% Moly. Steel 
4. 2.25% Chromium—— 1.00% Moly. Steel 
5. 18% Chromium—————8% Nickel Steel 
6. 18% Chromium—8% Nickel—Mo. Steel 


Creep testing in Edward laboratories. 


Edward 








New equipment 
and developments 
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33—Pressure transmitter 
provides greater safety 


Penn Industrial Instrument Corp 
has combined a pressure gage and a 
pneumatic transmitter, to form one 
instrument. Output of the transmitter 
varies from 3 to 15 lb, or 5 to 25 Ib if 
specified, regardless of the range of 
pressure being measured. Gages range 
from vacuum to 10,000 psi. These units 
are said to provide greater safety and 


convenience, particularly where high 
pressures or hazardous fluids are used 
They permit use of low pressure air 
piping to bring indication or record 
ing to remote locations. Literature is 
available 


34——Displacement meter 
handles corrosive liquids 


Rockwell Manufacturing Co. has de- 
veloped a rotary displacement meter, 
the 2 BC Rotocycle, to handle corro- 
sive liquids common to chemical, food, 
rubber and pharmaceutical processing 


industries. The new stainless steel in- 
dustrial meter has a maximum capacity 
of 100 gpm at 125 psi working pres- 
sure. Remote registration and a quan- 
tity control register are among the 
features listed in an available bulletin. 


24 


35—Chart drive is for 
hazardous locations 


To permit economical panel installa 
tions in hazardous locations, Min 
neapolis-Honeywell Regulator Co. has 
developed the Macnick pneumatic 
chart drive, It is designed for use 
with Brown strip chart Tel-O-Set re 
corders. Explosion-proof housings and 
individually enclosed switch boxes are 
not required. Normal filtered air sup- 
ply is used. Pressure can vary from 
20 to 35 psi without affecting timing 





TO REQUEST ADDITIONAL FREE DATA 
Insert “key'’ numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





36—Unit vents steam 
or hot water systems 


Automatic venting for either steam 
or hot water systems is provided by 
the No. 500 Universal air vent de 
veloped by Hoffman Specialty Mfg 
Corp. A selector screw permits us« 
for manual, steam or hot water vent 
ing. The manufacturer states that 
the valve can be cleaned without 
draining the water system. Installa 
tion can be vertical or horizontal 
Maximum operating pressures are 15 








psi for steam and 50 psi for water 
Applications and construction are dis 
cussed in a 2-page folder. 


37— Electric controllers 
are vapor actuated 


Vapor actuated electric contact con 
trollers for solenoid valves, warning 
signals and motors, have been de 
veloped by H. O. Trerice Co. to meet 
requirements of an accurate, depend- 
able instrument that will stand relative 
ly heavy electrical leads. Units for 
controlling temperature or pressure 
are available. A pilot light indicates 
position of the switch. Design fea- 
tures as well as engineering data are 
presented in a 2-page data sheet 


38—Wire grips are 
cold-forged 


BullDog Electric Products Co. has 
announced that its silver coated Wire 
Grips are now available in quantity 
through its distributors. Five sizes 


cover all wire sizes from No. 14 wire 
to 1,000,000 Mcm cable. Principle ad- 
vantage listed for the product is the 
cold-forging method of manufacture, 


which is said to assure greater strength 
of the electrolytically pure copper from 
which the devices are formed 


39——-Coating provides multiple 
corrosion protection 


Protection against corrosion caused 
by atmospheric conditions, vapors, 
fumes, spillage and splash of chemi 
cals, ‘is said to be provided by a main 
tenance coating formulated by the 
Protective Coating Div. of Flexrock 
Co. The product, a plastic resin finish, 
dries entirely by solvent evaporation 
Good adhesion is said to be provided 
over a wide temperature range 


40—iInsulation features 
light weight 


Ultrafine, a lightweight fine glass 
fiber insulation, has been designed by 
Gustin-Bacon Mfg. Co. for use where 
efficient thermal or acoustical insula 
tion is needed, with minimum weight 
a consideration. Another outstanding 
property is its ease of handling, whic! 
permits economical installation. It is 


offered in rolls, either plain or with 
any of 5 different vapor barrier facings, 
or die-cut to any particular shape 


41—Larger unit added 
to transformer line 


General Electric Company’s Meter 
and Instrument Dept. has announced 
the addition of an 800 amp unit to 
their line of JKP-O indoor-outdoor 
butyl-molded transformers. It has a 
150 per cent continuous rating, and is 
applicable to both single and three 
phase circuits. Mounting can be out 
doors on poles or walls, and indoors 
in boxes or on walls. 


(Continued on page 30) 
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Only 
Coppus 
‘Turbines 


offer you 
a 


‘ . 
pi lot The constant speed governor on Coppus Turbines, plus this Excess Speed Safety Trip, gives 


you extra protection for your turbine investments. Here's how it works. When steam is 
turned on, pressure opens valve A fully. When excess speed is reached, centrifugal force 


throws weight B against lever C lifting pilot valve D. This releases pressure in back of valve 
A, closing this valve instantaneously, to shut off the steam. Safety trip can be tested easily 
O €’Vra é while turbine is running by manually tripping and resetting lever C. 


excess speed safety trip 





Coppus Turbines ranging from 150 hp down to fractional 
in 6 frame sizes 


CUT YOUR COSTS PER HORSEPOWER 

When you choose from the Coppus Steam Turbine line, you get 
the right size for your requirements . . . and make substantial 
savings on any size from the 150 hp turbine down to the smallest. 
Low in first cost, Coppus Turbines save you more money in the 
long run. Operating and maintenance costs are kept low by such 
other features as: large number of steam nozzles, controlled in- 
dividually by manually operated valves; hard chromium plating 
on shaft at the stuffing box; replaceable cartridge type bearing 
housings; optional carbon ring packing assembly for back pres- 
sures up to 75 pounds. 


Seciendt tee Gaden Utne qe WRITE FOR BULLETIN 135 
of fully enclosed Coppus Constant Speed COPPUS ENGINEERING CORPORATION, 181 Park Ave. 


Governor. Governor head acts directly on Worcester 2, Mass. Sales offices in THOMAS’ REGISTER. 
stern of steam admission valve. No external 


levers required. Ball bearing construction 
eliminates end play and gives frictionless 
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MODERN WAY bs 


Feeding hoppers direct from pile or bin saves 
real money in time and man power .. . frees 
men for other duties, allows more efficient use 
of labor. Canton Flo-Tube installation above 
feeds from coal bin at right. Chute dividers 
are hand adjustable, hopper levels diaphragm 
contro 


pag qh. are on “ 


CANTON STOKER CORPORATION 


403 Andrew Place S. W. CANTON, OHIO 


7 Send literature on: 


[]} Have a Canton Engineer interview us. 





Name: 


Company: 
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OW...with the proved 
Cooper-Bessemer J 


HE above illustration diagrams the ad- 


vantage you now stand to gain with 


the supercharged, aftercooled* Cooper- 


Bessemer JS-8. 


Many a man who knows heavy-duty 
engines has wished for JS performance be- 
yond the previous top rating of 1,000 bhp. 
And here it is... 1,450 bhp... with every 
cost-saving, trouble-avoiding feature for 
which the JS is noted, plus even higher 


efficiency thanks to aftercooling. 


THIS MUCH WORK... 
1,450. HORSEPOWER 


_ FROM THIS MUCH WEIGHT 


With almost 50°,, more power the record- 
setting JS can now do a bigger, better job 
than ever before — and with no appreci- 


able increase in weight or space! 


Check with the nearest Cooper-Bessemer 


office for the latest details. 


*Aftercooling water-cools combustion air between super- 
charger and intake manifold. thereby permitting more air for 
greater power and higher effici icy. 





The 
Cooper-Bessemer 





New York Washington, D. C. Bradford, Pa. 
Dallas, Greggton, Pampa ond Odessa, Texas 

St. lLovis los Angeles Chicago 
Canodo, Itd., Holifox, Nova Scotia 


Son Francisco 
Seattle Tulsa 
Coracos, Venezuela 

Gloucester, Mass. 
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Corporation 


MOUNT VERNON, OHIO — GROVE CITY, PENNA. 


Houston, 
Shreveport 
Cooper-Bessemer of 

New Orleons, lo 





: 
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TELEVISION POWER BREAKER. The 500-kva G-E unit sub- 
stations at WWJ-TV have voltage ratings of 4800-208Y/120, 
are equipped with Type AK-1-25 air circuit breakers. 
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WW4J's NEW BUILDING houses studios of Detroit’s pioneer TV 
station. General Electric load-center system furnishes power 
for amplifying, lighting—other station requirements. 


Detroit's new TV studios rely on 


Power continuity assured for all studio requirements at 
WW45-TV by secondary-selective distribution system 


For the engineers of WWJ-TV—Detroit’s pioneer 
TV station and an affiliate of WWJ, the world’s first 
commercial radio station—a dependable source of 
continuous power rates first consideration in planning 
the new television studios. Total or even partial power 
shutdown cannot be tolerated. 


At its new studios, WWJ-TV needs reliable power 
for lighting and amplifying ... for its monitor panels 
and relaying equipment ... for all station auxiliaries 
such as fans and blowers. To assure reliable power 
continuity for these many exacting requirements, 
Giffels & Vallet, Inc., L. Rossetti, associated engineers 
and architects, and Jack A. Frost, electrical contractor, 
installed a G-E secondary-selective load-center system 
consisting of two 500-kva unit substations. 


With this distribution system, the station gains, too, 
in savings basic to load-center power. For example, 
a G-E engineered load-center system maintains con- 
sistent voltage for top operating efficiency, keeps 


voltage drop down to a minimum, provides less costly 
feeder breakers, and reduces cable costs. 


Air circuit breakers, with ratings properly co- 
ordinated with transformer capacities, give adequate 
interrupting capacity and isolate troubles in feeders. 
Oil fuse cutouts are interlocked to prevent opening 
with load on transformers. 


Flexible layout permits easy, quick maintenance 
without interruption of power. System flexibility itself 
provides for addition of new loads, making it far less 
costly for the station to expand in the future. Ground- 
ed, metal-enclosed G-E load-center units, with non- 
inflammable Pyranol* transformers assure maximum 
protection for operating personnel. 


For further information on G-E engineered load 
centers, call your local G-E sales representative, or 
write for GEA-3592, General Electric Company, 
Schenectady 5, N. Y. 321-67 


*Reg. Trademark of General Electric Co. 
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LIGHTS FOR TV PRODUCTION. Studio construction shot from WWJ-TV’s con- 
trol booth shows battery of lights necessary for televising. Lighting throughout 
the new station is fed from G-E engineered load centers. 


G-E load-center system 
gir; i 
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CUTOUTS FOR PROTECTION. Engineer wires pothead of incoming high-voltage 
cable to cutouts on transformer of TV lighting breaker. Oil cutouts are inter- 
locked, cannot be opened or closed with load on transformer. 


PENOBSCOT BUILDING—Detroit’s highest—houses all of WWJ-TV’s transmit- 
ter equipment. TV antenna tops highest central portion. Here are transmitted 
programs originating in new studios powered by G-E load centers. 





New equipment 
and developments 


(Continued from page 24) 





42—Portable unit 
saves greasing time 


Important savings on greasing time 
are gained by using a portable high 
pressure greasing unit, the 6-V Grease 
master, according to the manufacturer, 


G & T Industries, Inc. The unit, 
which weighs less than 40 lb, obtains 
its power from conventional 6 or 12 v 
vehicle batteries. To increase its effi 
ciency, a 25 ft length of 3000 psi hose 
is included. 


43—Flexible steam hose 
is wire braided 


Wire braided and glass cord con 
struction are combined in the Iron 
sides steam hose, developed by Quaker 
Rubber Corp., Div. of H. K. Porter 
Co., Inc. It is designed for finishing 
work found in steel mills, refineries, 
glass factories and foundries, as well 
as for all types of steam cleaning. It 
is said to be flexible and kinkproof 
Working pressures are to 200 psi 
Sizes range from ™% to 1% in. ID. 


44—Industrial crepe 
has high strengt 


Crepe paper having nearly three 
times the tensile strength of former 
industrial crepe paper and black var- 
nished cambric, has been developed 


aper 


by General Electric’s Laboratory-En 
gineering Dept. Made from kraft and 
manila fibers, it is shown being wound 
on a brazed splice of coil lead and 
cable. It can also be used as insulat 
ing tape on some types of transform 
er coils. It is said to be less expensive 
and easier to apply than varnished 
cambric. 


45—Lubricant is for 
wide temperature range 


Plastilube, a lubricant developed by 
The Warren Refining & Chemical Co., 
is described as a stable chemical com- 
pound that does not contain metallic 
soaps or fatty acids, and therefore 
cannot melt or freeze. Its main use is 
in the lubrication of plain and anti 
friction bearings where temperatures 
range from sub-freezing to 500 F, and 
where water or moisture is a trouble- 
some factor in breaking down ordinary 
greases. Other advantages listed for 
the product are adherence to metal 
surfaces without being affected by 
boiling water and excellent pumpability 
at low temperatures. 





TO REQUEST ADDITIONAL FREE DATA 
Insert “key” numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





46—Sump pump features 
stainless steel shaft 


Capacities to 3050 gph are provided 
by a vertical centrifugal sump pump 
developed by The F. E. Myers and 
Brother Co. Construction of the pump 
permits its use for many draining ap- 
plications. All bronze construction, a 


hydraulically balanced impeller and a 
stainless steel shaft are a few of the 
features listed. 


47—Variable speed drive 
uses series motor 


Higher speeds at medium torque, 
higher starting torque at slow speeds, 
and longer tube life are said to be 
gained by the use of a series motor in 
an electronic variable speed drive for 
fhp motors. This low cost packaged 
drive, developed by The Arrow-Hart 
& Hegeman Electric Co., is said to 
provide a wide, stepless range of speed 


control with good speed regulation 
under varying loads. With an optional 
dual range feature, speeds from 100 
to 3500 rpm are available. 


48—Power pack is for 
air measuring instrument 


For locations where 110 v_ supply 
current is not accessible, Hastings In- 
strument Co., Inc., has designed a 
battery operated power pack for use 
with their air velocity measuring in- 
strument. The power pack incorpor- 
ates a 6 v Hotshot battery and a con- 


verter which provides 110 v a-c output. 
The meter provides a range of 0 to 
6000 fpm. 


49—Unit analyzes oxygen 
and combustibles 


Bailey Meter Co. has -developed a 
combination oxygen and combustibles 
analyzer for use with boiler furnaces, 
cement kilns, metallurgical furnaces, 
atmosphere control units, and other 
applications where economy and safety 
are important. It is said to provide 
almost instantaneous indication. 


50—Air weight controller 
eliminates pulsations 


For foundry cupolas, The Foxboro 
Co. has developed a compensator for 
their model 40 air weight controller. 
It is said to eliminate effect of blower 
pulsations on control and to automatic- 
ally correct the rate of air flow for 
variations in atmospheric temperatures 
and pressure. 


—End 
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Why Corrosion Costs You 
More Than Wrought tron... 


When you see a pipe repair job Si in progress, the 


Onn ’ , 
economy EHO of using durable material becomes obvi- 


"v 








ous. Original installations ip are quickly made by 


pipe fitters. But repairs qi call for hours of work 


; : 1 q\ 
by as many as five crafts: pipe fitter ¢ , mason i , car- 


m 


3 Ss 
penter , Plasterer ij , painter § : 
t - [ il 


Thousands of users in every industry -*+s4, are 


finding the profitable ha | answer in Byers Wrought 


Iron pipe 7 '. They know that “cost per year of service” 
is the only true measure WS of economy. Service 
records have proved that Byers Wrought Iron pipe 


7 is still good after serving three or four times longer 
" 


“ht in areas where vulnerable pipe has failed. _. 
mt! 


With today’s maintenance costs on the increase, selecting the pipe 
that lasts longer, at lower cost per year, is more important than ever 
before. The wide-spread and continued use of Byers Wrought Iron 
pipe in installations where corrosion is a threat to service life endorses 
the material's ability to give this essential durability. You'll find the 
facts responsible for this greater “‘life-span’’ in our bulletin, THE 
ABC’s OF WROUGHT IRON. Write for your copy. 

A. M. Byers Company, Pittsburgh, Pa. Established 1864. Boston, 
New York, Philadelphia, Washington, Atlanta, Chicago, St. Louis, 
Houston, San Francisco. Export Division: New York, N.Y. 


CORROSION COSTS YOU MORE THAN WROUGHT IRON 
TUBULAR AND HOT ROLLED PRODUCTS 
ELECTRIC FURNACE QUALITY ALLOY AND STAINLESS STEEL PRODUCTS 
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A Typical 
R eport of a 


and ]9 To remove in 
¢ RAVE R F, 6 te om PrP 
DEAERATING aan . 
HEATER 


The important point about this 
report is that it is typical of Graver 
Deaerating Heater performance, even 
under difficult load variations or 
water conditions. 


Graver Heaters are available in a 
complete range of sizes in spray, tray, 


o ee iy 
LT | Eee 
Se eee 


¥ 
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se 
a va ra 
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or combination spray-tray types. 
Graver Heaters are individually 


tailored to your exact plant require- 


a 

a —, 

~_ 
=e ame 


ments . . . that’s one of the reasons 
why Graver’s guarantee and service 
can be depended upon. 


Write for free copy of “Trends in 
Application of Deaerating Heaters 
for Treatment of Boiler Feedwater”. 





GRAVER WATER CONDITIONING CO. G R 


Division of Graver Tank & Mfg. Co., Inc. 
DEPT. IP-A, 216 WEST 14TH STREET, NEW YORK 11, N. Y. owaer 
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It cuts 
inventory 


Nose arches for oil heaters were 
formerly made with special shapes 
of ordinary firebrick. Switching to 
quickly moldable Kaocast eliminated 
need for expensive special-shape 
inventory . . . minimized delays. In 
addition, side by side tests proved 
that Kaocast far outlasted the 
ordinary firebrick. 


KAOCAST 


It speeds 


r epar S 

Kaocast was specified for the 
charging front of a forging furnace, 
used to heat heavy pipe ends. The 
reason? Kaocast linings were molded 
faster . . . give longer service, could 
be made when convenient and 
stored ‘til needed. 


It lasts 
longer 


A chemical plant found that burner 
tile for a heating furnace made of 
an ordinary castable stood up only 
Versatile B& W Kaocast can be molded quickly 3 to 4 months. But Kaocast burner 
and easily with your own labor. It can also tile stayed on the job 16 months 
and longer. Thousands of pounds of 
Kaocast have been used for this 

a cement gun. This unique 3000 degree and many other applications in 


be cast directly in place or applied with 


refractory castable has high resistance to this plant. 
spalling and slag attack, low volume change 

and negligible reheat shrinkage. Consult 

a B&W Refractories Engineer on your specific 

applications and see how B&W Kaocast can 


save money for you. 


B&W REFRACTORIES PRODUCTS —B&W Alimul Firebrick * B&W 80 Firebrick + B&W Junior Firebrick * B&W Insulating Firebrick 
B&W Refractory Castables, Plastics and Mortars * OTHER B&W PRODUCTS—Stationary & Marine Boilers and Component Equipment... 
Chemical Recovery Units . . . Seamless & Welded Tubes . . . Pulverizers... Fuel Burning Equipment... Pressure Vessels... Alloy Castings 
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[| Pressure 
[FF Maintenance 
[| Acids 

[_] Alkalis 


[| Complicated inventory 
[| Temperature 

[__] Petroleum products 
[__] Food products 


If it’s maintenance... 


use IR/IMA Vee-Flex”— the packing that provides better sealing 
with fewer gland adjustments 


, . . R/M No. 650, “Pyroid’”* — 
The unique design of the R/M Vee-Flex Whatever your packing problem, the Compressed asbestos sheet. 


Packing Ring provides automatic sealing authorized R/M distributor near you has Uf 
without constant gland adjustment. The a packing engineered to your needs and . (K( 
hydraulic principles of this design have your budget. Call him today or write us fom 


been demonstrated by photoelastic stress for the R/M Packing Catalog. R/M No. 303—Braided asbestos 
ae * ak 1 packing with monel wire. 
analyses* and radial pressure tests. 





R/M Vee-Flex Rings are available for R/M is ready to meet your re- 
all sizes of rods and rams, and for pres- quirements for Teflon Packings, 
sures of 6000 psi and higher. Special Gaskets, Rods, Sheets, Tubes R/M K-68—Neoprene and 
types are available for use with foods and and Tape. compressed asbestos sheet. 
petroleum products. 











R/M versi-pak®*— 


*Perfurmed at the Franklin Institute Laboratories For general use 


for Research and Development. 


**Du Pont trade-mark for its tetrafluoroethylene 
resin. 


R/M Tefion** Nos. 830, 836 — 
od A C K t NM G % For acids, caustics or chemicals. 


RAYBESTOS-MANHATTAN, INC. 
PACKING DIVISION, MANHEIM, PA. 


FACTORIES: Bridgeport, Conn., Manheim, Pa., Passaic, NJ, No. Charleston, S.C. Crawfordsville, ind., 
Canadian Raybestos Co. Ltd., Peterborough, Ontario, Canada 





RAYBESTOS-MANHATTAN, INC., Manufacturers of Packings «¢ Teflon Products «+ Asbestos Textiles « Industrial Rubber Products « Abrasive and Diamond Wheels 
Rubber Covered Equipment « Brake Linings «+ Brake Blocks « Clutch Facings «+ fan Belts « Radiator Hose © Sintered Metal Products «+ Bowling Balls 
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Detroit RotoGrate Stoker's ability to burn 
wartime coal Brought Repeat Order- 


Municipal Plant, Wyandotte, Michigan 
i = | _ 
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STOKER—INSTALLED IN 1942 
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4 ROTOR DETROIT ROTOGRATE t 
STOKER—INSTALLED IN 1951 
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Wyandotte, Michigan Municipal Power Plant, 
C. F. Bufe, Superintendent, ira Singles, Chief 
Operator. > 
Emery, Marker ond Emery, Toledo, Ohio, “59 
Consulting Engineers. 


In 1942, the Municipal Plant, Wyandotte, 
Michigan had coal trouble, as did most 
plants with old type firing equipment. It 
became almost impossible to operate on 
the coal they could get. 


They purchased a Detroit RotoGrate, 
which solved their fuel problem immedi- 
ately. The RotoGrate proved able to 
burn efficiently any coal available in- 
cluding the poor stuff which war condi- 
tions often forced them to use. In the fall 
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of 1951 when they expanded the plant 
the Detroit RotoGrate was again the 
stoker chosen. 


Jetroit RotoGrate is a modern type 
spreader stoker with grates that move 
slowly forward, discharging ash at the 
front. A RotoGrate installation makes it 
possible to buy the most economical coal, 
and burn it with highest economy. 


Write for Bulletin. 


DETROIT STOKER COMPANY 


General Motors Bldg. 
WORKS AT MONROE, MICH. © 
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Detroit 2, Michigan 
District Offices in Principal Cities 


$5 






































when your water runs hot to cold... 


... better call ple for a new look at your hot water supply 


ENOUGH clean, hot water when needed is 
vital for people or processes—utility services or 
plant operations. You get dependable hot water 
supply with a balanced installation of pk hot 
water storage heaters. 


Proved in long-time service in thousands of 
installations—in laundries, hotels, institutions, 
commercial buildings and general industry—p*& 
hot water storage heaters are the most depend- 
able your money can buy—to save you money. 
This dependability and overall efficiency is bred 
from decades of concentrated experience in de- 
signing and building storage heaters and other 


heat exchange equipment. pk engineering ex- 
perience shows you the right type of heater that 
will serve you best—whether the shell be carbon 
steel, copper silicon, copper lined, copper clad, 
galvanized or cement lined—vertical or horizon- 
tal. One type is right for any specific instaliation, 
depending on the liquids you handle and the 
results you require. pc engineers know all the 
answers, place your confidence in them. 


Before you settle on plans for new and better 
storage heaters, why not ask the pk experts, 
who have been designing and making depend- 
able storage heaters since 1880. @ i915 


the Patterson-Kelley Co., Inc. 


1110 Burson St., East Stroudsburg, Penna. 








101 Park Avenue, New York 17 * Railway Exchange Building, Chicage 4 * 1700 Walnut Street, Philedelphic 3 * 9%6-A Huntington Avenue, Boston 16 * ond other principal cities 
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NEW PLANTS LIKE CATERPILLAR’S 
BURN COAL THE MODERN WAY! 


ee ed 


Mr. R. H. Bachman, 
Plant Maintenance Engineer, 
Caterpillar Tractor Co., says: 


“Our new plant pictured above was re- 
cently completed at Joliet, Illinois. A 
completely up-to-date coal installation 
was chosen to handle the heat and proc- 
ess steam requirements. To the right is 
a picture of the firing aisle showing how the boilers are 
fed by dust-tight chutes from overhead bunkers. This 
modern equipment makes coal as clean, convenient, and 
efficient as a fuel can be! The boilers are rated at 80,000 
Ibs. of steam per hour, but have handled loads as low as 
3,000 Ibs. per hour without difficulty.” 


~ 


For big savings, build for COAL! That's a good rule 


to follow whether you've got a new plant under con- If you operate a steam plant, you can’t 
struction or an older plant being modernized. afford to ignore these facts! 
Up-to-date coal-burning equipment can give you 


COAL in most places is today’s lowest-cost fuel. 
more steam per dollar . .. modern coal- and ash- 


COAL resources in America are adequate for all 

handling systems can cut labor costs to a minimum. In needs—for hundreds of years to come. 

addition, coal is the only fuel with virtually inexhaust- COAL production in the U.S.A. is highly mechanized 

‘bl ons! tenho ‘4 this 1 to bett and by far the most efficient in the world. 

ible reserves. And to mine this coal, to better prepare COGk dite oll Geiets wietiate menedied 
all fuels. 

most productive coal industry. Thus, coal users get a COAL is the safest fuel to store and use. 


double advantage—dependable supply of an even COAL is the fuel that industry counts on more and 


Ley ; para a itt more—for with modern combustion and han- 
better product, at relatively more stable prices. Gllag cavigment, the tahevent edventenss of 
well-prepared coal net even bigger savings. 


BITUMINOUS COAL INSTITUTE 


A Department of National Coal Association, Washington, D. C. 


it for customers’ special needs, America has the world’s 


For heat, power, process steam—coal is your best 
bet! Ask a consulting engineer. He'll show you how to 
cut both fuel and operating costs by burning coal in a 
modern plant designed to meet your specific needs. 


FOR HIGH EFFICIENCY ds FOR LOW COST 


YOU CAN COUNT ON COAL! 
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“For high dust collection 
efficiency CONSIDER THESE FACTS! ol 


95% to 99% REMOVAL 

Your specific needs determine the exact per- 
centage of fly ash removed by a Research 
Corporation Cottrell Precipitator. 


LOW DRAFT LOSS 


The pressure drop between inlet and outlet 
of the Cottrell is extremely low, averaging 
only a few tenths of an inch of water. 


DURABILITY 


Low velocities hold abrasion to a minimum. 


ANY CAPACITY 


Cottrell precipitators have been used suc- 
cessfully with both small boilers and the 
very large boilers developed in recent years. 


OTHER APPLICATIONS 


Cottrell precipitators have wide application 
in the recovery of other materials such as 
acid mist, blast furnace dust, sodium salts, 
fluid catalyst and valuable metals from 
smelters. 


YOU GET all these important advantages 
PLUS Research Corporation’s 38 years of 
experience in the field of electrical precipi- 
tation. Every Cottrell installation is indi- 
vidually engineered to do the most efficient 
job. For more facts about Research-installed 
Cottrells, send for Bulletin 500. 








RESEARCH 
CORPORATION 


405 Lexington Avenue, New York 17, N.Y. 
122 South Michigan Avenue, Chicago 3, Illinois 
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...proved throughout 
industry for 
over 25 years 


Such fields as Petroleum, Marine, Roil 
road, Mining, Agricultural, Steel, Gen 
eral industry cre but a few who rely 
upon Rust-Oleum. General weathering, 
heat, chemicals, salt water atmosphere, 
fumes, etc., are only a few of the con 
ditions resisted by Rust-Oleum. 


MmOrs 


Woter tanks, gas tanks, fuel tanks 
Rust-Oleum protects your investment 


r = 7— — 
| \ as) } 
ll ih fA | 
CUCECOSC CoM 
One truck, or a fleet of trucks, applied 


over rust, Rust-Oleum keeps them 
looking better ...in service longer 


HH 

+ 
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Metal sash and steel windows, roofs 


gutters, fire escapes, railings —indoors 
and out need Rust-Oleum to stop rust 


Stopping rust with Rust-O! 
3 yf double prote« tion 


available in mar 


RUST-OLEUM. 


Applied by brush, 
dip, or spray 

















Just scrape and wirebrush to remove 
rust scale and loose particles . . . then 
brush Rust-Oleum 769 Damp-Proof 
Red Primer directly over the sound 
rusted surface. Chemical pre-cleaning 
and other costly preparations are not 
usually required. Rust-Oleum finish 
coats in many colors provide double 
protection. Specify Rust-Oleum... 
prompt delivery from Industrial Dis- 
tributor stocks in principal cities. 


RUST-OLEUM CORPORATION 
2471 Oakton Street, Evanston, Ilinois 


FREE SURVEY: Ask a Rust-Oleum specialist to conduct 
@ survey including actual applications, tests, and 
recommendations Wo cost or obligation 

See Sweets for nearest Rust-Oleum distributor 

or write for literature today 


f\ 
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Wire fence maintenance? Rust-Oleum's 
Extra-Long Nap Lamb's Wool Roller 
cuts re-coating costs up to 50% in 
some cases 


‘ 

There is Only One Rust-Oleurn 

= ust-Oleum is an exclu- 

sive formula developed 

by ao Master Mariner 

during more than 20 

years battling actual rust 

conditions at sea. It in 
corporates a specially- 
processed fish oil vehicle 
that will dry, is odor 
free, and is formulated 
in many colors. Be sure 
you specify genuine 
Rust-Oleum. Accept no 





substitute 


ATTACH TO YOUR LETTERHEAD-MAIL TODAY 


RUST-OLEUM CORPORATION 
2471 Oakton St., Evanston, Ilinols 


[_] Have a Qualified 
Representative Coll 


[_] Free Survey 
[_] Complete Literature 


[_] Nearest Source of Supply 


| 
' 
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When the yearly cost of replacement parts for 
101 steam turbines averages only 1.6% of the 
initial investment, you are saving money .. . 
and plenty of it. 

This amazing record was established by Terry 
turbines at a large refinery on the Atlantic 
coast. The percentage figure was determined 
by means of an accurate tabulation of the cost 
of replacement parts required over a two-year 
period. 

These 101 Terry machines provide a good 
cross section of the various types of small and 
medium-size turbines made by the company. 
Ranging in size from 10 to 1200 horsepower, 


THE TERRY STEAM TURBINE CO. 


they include single and multistage axial flow 
designs as well as the famous Terry solid-wheel 
turbine. 


Such outstanding performance records are 
not at all unusual for Terry turbines. The 
thousands and thousands of these machines 
installed in refineries throughout the world 
provide an accurate yardstick for measuring 
turbine reliability. 

Send for illustrated bulletins. No. S-116 
describes the many advantages of the Terry 
solid-wheel turbine. For multi-stage turbines, 
ask for a copy of Bulletin S-146. 


TERRY SQUARE, HARTFORD 1, CONN. 


TT-1194 
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_a! . NEW YORK 
aelimeiige| §6STOCK 
i ae | EXCHANGE 


The Nation's Largest 
Securities Market 


Place 


BULLS and BEARS 
all agree on the 
value of air condi- 
tioned comfort 


2e° 
POWERS 
AIR CONDITIONING CONTROL 


Used in this World Famous Securities Market 


No matter how the “temperature” of the market 
fluctuates, air conditions on the trading floor of the 
Stock Exchange remain stable throughout the year. 


Back in 1903 the New York Stock Exchange 

pioneered with the installation of a comfort cooling 

— which Mr. Donald A. Kepler, Chief Engineer 
escribes as tollows: 


“It was one of the first systems of its kind applied to a 
large densely populated market place and by far the largest 
plant devoted primarily to air cooling and dehumidification. 
No controls were employed in the cooling season but in 
winter temperature and humidity were automatically con- 
trolled by a pneumatic system. 

The air conditioning system now in use, the third since 
1903, is modern and reflects the progress of air condition- 
ing during the past 50 years.”’ 


Other Prominent Users of Powers Control 
Toronto Stock Excuance © Miuowest Stock Excuance 
When temperature and humidity control problems 
arise contact Powers nearest office. Our 60 years of 


experience gained in many important buildings me apne ne Capa, & He 
t 
may be helpful to you. photograph above, reports temperature 


is held within limits of approximately 
Factory and General Offices: Skokie, Ill. 1° F. plus or minus. 
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DARLING FOR PLUS VALUES, JOB-PROVED AGAIN AND AGAIN 
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VALVES 
Valve body distortion 


st 


v4 


no problem for this valve! 





ON'’T let costly valve maintenance and down-time 

headaches get you down! Lick these common valve 
troubles by installing Darling fully revolving double disc 
gate valves, with their unique wedging principle. They 
adjust automatically to compensate for valve body dis- 
tortion—cinching tight, leak-proof closure. 


The difference is in the fully revolving double disc, 
parallel seat principle of Darling valves. Just two plain, 
interchangeable no-pocket discs and two rugged wedges 
do all the work. Discs are completely free of pockets. 
Sediment and scale cannot collect to interfere with their 
free movement. No links or other devices are needed to 
hold the discs and wedges together. Any part can be 
quickly and inexpensively replaced without removing 
valve from the line. 


It's easy to see why Darling valve users are money ahead 
because of the exceptional service made possible by the 
Darling design. That's why in plant after plant Darling 
gate valves are giving longer, trouble-free performance 
with minimum attention. 


Darling features add up to gate valve service at its low- 
cost best! Send for the free Darling Valve Bulletin, today. 





NOTE: Darling gate valves are made in a wide range of 
sizes, types and constructions, including solid and slotted 
taper-seat wedge types for all kinds of normal and corro- 


sive services in pressures up to 1500 pounds. Diss and seats Seats are forced out of Radiused face of 

are parallel. parallel by body distor- wedge allows discs 
tion but discs adapt them- to adjust tightly 
aes fo give positive against both seats. 
closure. 


DARLING VALVE & MANUFACTURING CO. 


Williamsport 9, Pa. 
Manufactured in Canada by Sandilands Valve Manufacturing Co., Ltd. Galt 19, Ontario 
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Cleaver-Brooks does not sell steam boilers “off the 
shelf” even though the boilers are available in standard 
models. Working with you, your engineers, and your 
consulting engineers Cleaver-Brooks helps analyze your 
particular steam needs and loads, both present and future. 


These are a few of many factors considered: steam 
requirements in pounds per hour or b.h.p. — constant 
or fluctuating loads — fuels available — electric current 
characteristics — space and boiler room layout — pro- 
vision for expansion, 


INDUSTRY AND POWER * January 1953 


Application engineering assistance of this kind 
assures you a steam plant tailored for your job. Cleaver- 
Brooks are the first and finest in modern, self-contained 
steam boilers — operate at a guaranteed efficiency of 
80% — burn the fuel most available and economical in 
your area, gas, oil, or combination gas and oil — fully 
meet all codes — standard models available in sizes 15 
to 500 hp; 15 to 250 p.s.i. 


Write for latest, fully illustrated and 
descriptive Cleaver-Brooks Steam Boiler catalog, 


Cleaver-Brooks 


STEAM BOILERS 


Creaver-Brooxs Company 
Dept. A 302 E. Keefe Ave., Milwaukee 12, Wis., U.S.A 
Cable Address: Clebro-Milwovkeewis 
Builders of Equipment for the Generation and 
Utilization of Heat * Steam Boilers * Oil and 
Bitumen Tank -Cor Heaters * Distillation Equip. 
ment * Oil and Gas-Fired Conversion Burners 





Refractory Concrete 
in stacks 


KEEPS POWER UP 
for U. S. Steel 


You're looking down 


the smooth, jointless Refractory Concrete 
lining that protects a power stack at the 
new Fairless Works. It’s the way U. S. 
Steel assures long, trouble-free stack life. 
Here’s why: 

Saves time. Fast, monolithic construc- 
tion is further speeded by the ability of 
Refractory Concrete made with Lumnite* 
Cement to reach service strength in 24 
hours or less! Helps draft. The one-piece 
lining prevents “‘breathing.”’ Gives long- 
lasting protection. Lumnite-made Refrac- 
tory Concrete resists attack of sulphurous 
gas and abrasive fly ash, takes heat to 
2600°F, has low volume change and with- 
stands thermal shock. 


**LUMNITE” ts the reg 


Whether you’re lining or rebuilding a 
stack, it will pay you to look into the 
enviable record of Refractory Concrete 
made with Lumnite calcium-aluminate 
cement—in power, metals and refining 
industries . . . in fact, wherever heat, cor- 
rosion or abrasion are problems. 


FOR CONVENIENCE, you may prefer to 
make Refractory Concrete with prepared 
castables (Lumnite Cement plus aggre- 
gates selected for specific temperature 
and insulation service—add only water). 
They’re made by refractory manufactur- 
ers and sold through their dealers. For 
more information, write Universal Atlas 
Cement Company (United States Steel 
Corporation Subsidiary), 100 Park 
Avenue, New York 17, N. Y. 


FAST WORK—Each 14’ 10” id 
x 61’ &” high stack got a 22" 
lining of Refractory Concrete in 
just 4 days after reinforcing 
wire mesh was attached. Con- 
crete made with Lumnite Cement 
and traprock was “shot” on by 
cement gun. 


istered trade mark of the calcitum-aluminate cement manufactured by Universal Atlas Cement Company. 





TP-L-74 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 


= LUMNITE for INDUSTRIAL CONCRETES 





“THE THEATRE GUILD ON THE AIR”"—Sponsored by U. S. Steel Subsidiaries — Sunday Evenings 
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MILTON ROY CONTROLLED VOLUME PUMPS DO THE JOB... 


At the Denver, Col., Arapahoe Power 
Station of the Public Service Company 
of Colorado, a three-fold water treat- 
ment problem is successfully resolved 
with use of Milton Roy Controlled 
Volume Pumps. 


First, two Miiton Roy Motor-Driven 
Pumps (one in stand-by service) 
meter 8.7 gph of sulphuric acid into 
supply water of a closed cycle stable 
heat system, for pH control to pro- 
tect condenser tubes against scaling 
on their inner surfaces. A recording 
pH control unit automatically adjusts 
pump capacity by regulation of 
plunger stroke length. In this process 
a critical factor is the establishment 
of a pH balance between maximum 
scale prevention in the condensers 
and minimum delignification of a 
cooling tower structure. Arapahoe 
engineers report both the elimination 


of scaling at the condensers and 
achievement of optimum pH balance. 


Scale prevention is also required in 
make-up water since that water is 
first used to cool auxiliary equipment 
of the plant before being injected 
into the main circulating system. For 
this purpose, a Milton Roy Simplex 
Motor-Driven Pump is employed to 
meter a pre-set volume of polyphos- 
phate into the water at the intake 
pipe. A similar set-up is used in treat- 
ing feed water for boilers. Two Milton 
Roy Simplex Motor-Driven Pumps, 
arranged in parallel, feed sulphite 
into the drum for scavenging oxygen. 
Another pair meters phosphate for 
prevention of scaling. 


Operation of all seven pumps is re- 
ported to be reliable and accurate, 
with no special maintenance prob- 
lems existing. 


MUIL von 


1319 


CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL 
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EAST MERMAID 


Their performance at Arapthoe dem- 
onstrates the versatility and dependa- 
bility of Milton Roy Controlled 
Volume Pumps. As motor-driven or 
air-powered units, as components of 
automatic systems complete with a 
variety of automatic controls and 
accessory equipment, these pumps 
provide the accuracy and dependa- 
bility so vital to uninterrupted power 
generation service. 


Wherever precise metering of chem- 
icals is required, there's a Milton Roy 
Controlled Volume Pump to do the 
job. Milton Roy also supplies systems 
for all forms of internal and external 
water treatment, to meet all pressure 
and capacity requirements. For addi- 
tional information write us, or get in 
touch with the Milton Roy repre- 
sentative listed in your classified tele- 
phone directory. 


OY ~~ 


LANE, PHILADELPHIA 18, 


PA. 


4 
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FEED SYSTEMS 


45 








.. give you all these 
design advantages 








Separate 
interchangeable Pilot .. . 
controls main valve... sim- 


plifies inspection and 
maintenance. 








Packless Construction... 


minimizes friction . . . im- 
proves control accuracy and 
eliminates much time-con- 
suming maintenance. 











SECO Metal 
Seats and Discs... 


resist wiredrawing. More than 
20 years of experience has 
failed to produce a single 
case where SECO Metal was 
cut by steam. 





Type ED 
Pressure 
Regulator 


‘ 
»~ 
\ 


sw 








Internal Springs .. . 


out of path of steam or other 
fluid flowing through the 
valve. They operate at low 
unit stress for exceptionally 
long life. 














et 











Dead-End 
Shutoff ... 


guaranteed on steam 
service when a 
balanced, single- 
seated main valve is 
equipped with SECO 
Metal seat and disc 
a and is protected by an 


approved strainer. 

















Large Balanced 
Metal Diaphragms. . . 


located in a cooled zone with 
a condensate seal above and 

below, under usual conditions, 
never need replacement. 








Ease of Inspection .. . 


quick access to all vital 
elements of regulator. No 
special tools needed. 











These Spence design features explain why Spence Regulators 
function dependably and accurately year after year, without re- 
quiring extensive repairs or special attention. This lowers over-all 
costs . . . means less down-time of the system. e Spence makes a 


complete line of automatic regulating valves: pressure reducing, 


differential pressure, back 


control, pump governor, tem- 


pressure 
aaperereay we ea See 


i 
SPENCE 
ENGINEERING 
COMPANY, INC. 





Sea el 
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IN BOILER WATER LEVEL INDICATION 7 














fete | Flat-Glass 
Water Assem- 
bly with Welbond 
gage valves, flang- 


connections and 
“M" Hiumi- 
nators. 


NEW SEPARATED-DES/GN WATER GAGES 


This new Yarway water gage assembly has been and gage valve allows expansion and contrac- 
developed to meet the demands for greater depend- tion of the various components. 
ability, longer life, and more accurate readings 


The tie bar-type water column linking the gage 
in high pressure service. 


valves provides circulation to keep gage nearer 


The gage glass inserts are of the Yarway pressure- drum temperature. 


sealed “floating assembly type’. Yarway Welbond Yarway Type “‘M” Illuminators on 
gage valves are used. Greater flexibility is gained the gage inserts cause the meniscus 
by using two independent inserts, and by inter- at water level to “shine like a 


connecting expansion loops (see above). Seno ux cee, ae 


The short connection to the drum assures greater © gage glass, dust particles in 
accuracy of the gage reading, and the lower ‘F and extraneous light. 
flanged connection eliminates a stuffing box. The For {ull information, write for 


upper flanged loop connection between the insert Yarway Bulletin WG-1811. petal tas par 
type gage or 
medium range of 


YARNALL-WARING COMPANY - 109 Mermaid Avenue, Philadelphia 18, Pa. “"'¥** 


© STEAM PLANT EQUIPMENT 





Your Management wants to know... 


Howto solve 

the dust abatement 
problem... 
economically 


PLANT ENGINEERS, working with Buell engi- 
neers, have proven again and again that their know-how 
coupled with Buell’s long experience in Dust Collection 
can solve your Fly Ash problems more economically, 
more efficiently. 

What’s more, Buell Dust Collection Systems offer all 
American industry these further advantages: smoother 
plant/community relations, improved product quality 
and better employee morale. 


eg 


VAN TONGEREN ‘SF’ ELECTRIC 
CYCLONE PRECIPITATOR 


ENGINEERED EFFICIENCY 


PRECIPITATOR-CYCLONE 
COMBINATION 


Buell’s knowledge and experience in the highly special- 
ized science of Dust Collection are yours. To learn more 
about Buell’s 3 basie systems of Dust Collection 
and how they can help you, send for 

the new, informative booklet titled, 

“The Collection and Recovery of 

Industrial Dusts.”” Buell Engineering 

Co., Dept. 90-A, 70 Pine Street, New 

York 5, N. Y. 


M 


TYPE ‘LR’ Dust 
COLLECTOR HOPPER VALVES 


IN DUST COLLECTION 
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MAGIC— An exceptionally flexible portable com- 
pressor hose. It is resistant to hot or cold oil in the 
air line and withstands severe abuse 


HY-TEST it affords positive protection, 
even under 200 pounds pressure. Its 
wire-braided plies resist continuous 
pressures and high temperatures far 
longer than any other type of hose. 
HY-TEST WILL NEVER BURST! 


GREAT SEAL ASBESTOS COR 
Especially recommended for superheated 
steam service. Asbestos cords are cush- 
ioned in a layer of rubber and wrapped in 
@ heat-resistant rubber cover. A static 
conducting wire is builtin 


STERLING CORD — The finest lightweight, long- 
length air hose that has ever been built. For general 
air drill or pneumatic tool work where flexibility 
and light weight are desirable. 


"hd 


Hose by NYB&P 


types and constructions for any industrial need 


JUBILEE GENERAL PURPOSE—For general 
utility in pneumatic tool and air drill service. Rayon 
braided type with an oil-resistant neoprene tube 
which will handle satisfactorily almost any fluid 


INDESTRUCTIBLE—The general all-duty steam 
hose with an extra degree of dependability and 
extra-long service life. Thousands of engineers 
have standardized on Indestructible and have con- 
tinued to use it year after year for all general steam 
hose applications. For pressures up to 150 pounds 


depending on size and number of plies. 


NYB&P makes every type of oil and gasoline 
hose—from delivery and service station hose to 
dock and sea loading hose. The line incorporates 
the latest developments in hose design and con- 
struction—to give you the utmost in perform- 


ance and durability. 

Be sure to see your NYB&P 
Distributor for the right engineer- 
ing advice and recommendations. 
This is a sure way to get the right 
product for your needs...whether 
it be hose, belting or packings. 

Write for name of Distributor 
nearest you. 


NYBEP 


tmeuUsTmiaL 





OIL and GASOLINE 


NEW YORK BELTING & PACKING COMPANY 


1 MARKET STREET, PASSAIC, NEW JERSEY 


INDUSTRY AND POWER * January 1953 





tw PISTS 
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If it’s for Small Forged Steel Gate 
Valves... then it’s for 


CHAPMAN LIST 960 


Many different jobs . . . but on each one, List 960 gives 
you the same top standard of Chapman Valve per- 
formance. Check the 4 exclusive Chapman features be- 
low .. . and make this your check listin buying a// forged 
steel gate valves from 14" to 2” inclusive. 


GeU AINE 
ma 
) 


Chapman List 960 is manufactured with rising stem, 
either with yoke as shown, or with inside screw... 
and with gasketed or metal-to-metal bonnet joints. 
Pressure range: 2,000 Ib. at 100°F. to 380 Ibs. at 
1,000°F. For higher pressures, a List 990. Have 
you a copy of Catalog No. 10? Write for it today. 








Body 
forged steel, longer 


extra-strong, to 
protect against 


extra stress. 


Seat-rings of stain- 
less steel are super- 
hardened to cut re- 
pairs and replace- 


| ees’ ? ments. 
Check this 4- iB iF : 
Way Protection i a 
... which you 


; Gate-faces are Ma!l- 
get only in Chap- comized to 800 Brinell 
man List 960. to guard against seiz- 
ing of galling. 


Th CHAPMAN VALVE 


MANUFACTURING COMPANY 
Indian Orchard, Mass. 
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Gets maximum protection with... 


@ At the time this supercharged diesel engine was 
installed in a municipal power plant, Stranparp HD 
Oil had already established an outstanding record 
for effective lubrication in the plant’s other units. 
In the new unit, Stanparp HD has set a new high 
for efficient performance. 

Most of the plant’s load has been carried by the 
new, supercharged unit. In two years of continuous, 
hard service, STANDARD HD has supplied clean, 
protective lubrication. There have been no shut- 
downs for oil system maintenance. The original fill 
of oil has never been changed and has remained in 
excellent condition, as shown by periodic tests of 
oil samples. 

The experience of this power plant, and that of a 


STANDARD OIL COMPANY | STANDARD 








STANDARD H 


OIL 


host of midwest diesel operators, indicates the 
savings you can make with Stanparpv HD. The 
Standard Oil lubrication specialist serving your 
section of the Midwest will be glad to give you in- 
formation about the use of Stranparp HD in plants 
near your own with which you may be familiar. 
You can contact the lubrication specialist by phon- 
ing your local Standard Oil office. Or write: 
Standard Oil Company, 910 South Michigan Ave- 
nue, Chicago 80, Illinois. 


(Indiana ) 











BACKWASH CIRCUIT 


hg: tae 5 
‘ es 
be * 
BACKWASH FLOW CIRCUIT IN WORTHINGTON HOT-PROCESS SYSTEM shows how amy ay oe built-in, 
annular wash-water compartment* provides clean, hot, chemically inert water for backwashing 
and reclaims it without affecting operating velocities in treating zone, or subjecting hot zeolite to 


temperature changes. Backwashing is accomplished by recirculation of the clarified wash water. 
* Reg. U.S. Pat. Off. 2,263,398 


You can’t wash clean with dirty water! 


How Worthington Hot-Process Water-treating systems backwash 
with CLEAN, hot, chemically inert water 


When you’re considering hot-process water-treat- 
ing systems with hot zeolite, filters, or both, don’t 
overlook backwashing facilities. 

They must be well designed, or the system cannot 
give smooth, efficient, trouble-free performance. Wor- 
thington engineers recognized this fact when they 
designed their first hot-process system. Today, every 
Worthington standard Hot-Z or conventional system 
provides exclusive independent facilities for backwash- 
ing zeolite or filters with clean, hot, chemically inert 
water without disturbing the normal flow through 
the reaction bank. 

Worthington water-treating specialists don’t believe 


you can wash clean with dirty water. 

This unique backwashing provision is just one of 
many Worthington patented features, but it alone 
will more than justify your selection of a Worthington 
system for hot-processing boiler feedwater in your 
plant. 

If you have a problem, whether it involves filtra- 
tion, precipitation, or zeolite treatment, Worthington 
specialists will be happy to study your water-treating 
problem and recommend the proper system. Just 
write, stating service conditions in detail, to Wor- 
thington Corporation, Water Treating Division, 
Harrison, N. J. 2.4 


ZEOLITE COLD PROCESS PRESSURE FILTERS 


Worthington Makes More of the Equipment for ALL Types of Water Conditioning Systems 


INDUSTRY AND POWER °* January 1953 





MODERN LOOKING INSTALLATION of Wor- 
thington turbine generators at the new heating 
plant of the University of Oregon, Eugene, 
Oregon. Both units are equipped with side- 
mounted generator air coolers that simplify in- 
stallation and maintenance, while saving vital 
basement space. Coolers can easily be cleaned 
during turbine operation. 


Worthington 
turbine generators 
at U. of Oregon 
designed for operating 


flexibility and appearance 





TURBINE GENERATOR FEED WATER 
sets WEATERS 





TO CONDENSER 





WEATING STEAM 
HEATING STEAM 








HOW STEAM FLOWS from boiler to turbines and is then 
(1) automatically extracted from condensing turbine 
(top) and (2) exhausted from non-condensing unit for 
campus heating and cooking purposes. 


When the University of Oregon built the new heating 
plant in 1951, the plans included installation of two tur- 
bine generators which would supply all the school’s present 
and anticipated electrical and steam requirements. 


But the university had another requirement—one not 
uncommon these days—that the installation be as clean 
and as modern looking as possible. One look at the above 
photograph and flow diagram shows that they got both in 
the Worthington turbine generators now in operation at 
the plant. 


In the installation of Worthington turbine generators, 
the University of Oregon was assured of low-cost power and 
steam. It was also assured of the undivided responsibility 
that goes with turbine generators, designed, engineered, 
assembled and tested as complete units before shipment. 


Sizes to 10,000 kw. Worthington Corporation, Steam 
Turbine Division, Wellsville, New York. 


T-2-18 


/ 
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A GREAT TEAM IN STEAM 
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Vermillion, South Dakota, 
meets new power demands 


In 1949, the City of Vermillion, South Dakota, was 
faced with the necessity of meeting increased elec- 
trical load requirements on its municipal power plant. 

To solve this problem, Vermillion plant engineers 
decided to have their Worthington EE-6 Diesel en- 
gine, installed in 1937, converted to a more powerful 
unit. 

Worthington engineered the change-over of the 
500-kw naturally aspirated oil Diesel to an 840-kw 
supercharged dual fuel Diesel—an increase of 340 kw. 
Engine speed was raised from 327 to 360 rpm. 

Now, after a year and a half of heavy-duty opera- 
tion, the Worthington converted engine has proved 
to be the most efficient and reliable power producer 
in the Vermillion plant. 


Worthington-Built Auxiliaries 


ENGINE STARTING 
COMPRESSORS CIRCULATING PUMPS 


HANDLING INCREASING 
songs at the bee paren 
8s. D., aaieteet power 
plant is this Worthing- 
ton converted 840-kw 
ual fuel Diesel engine. 

















[ WORTHING 


| 
AUTOMATIC THERMAL 
| AIR CONTROL 








WORTHINGTON AUTOMATIC THERMAL AIR CONTROL 
supplies correct air-fuel ratio to the engine cylinders 
at all times and in direct relation to all load changes. 


Four of the many exclusive Worthington features 
that insure top performance of Worthington dual fuel 
engines are: 

1. Worthington automatic thermal air control 
for improved fuel economy. 

2. Worthington dual plunger fuel pump for better, 
quieter combustion. 

3. Worthington micro-metering gas valves—one 
for each cylinder—for equal cylinder loading 
and better speed regulation. 

4. Worthington helical steel gear train for accu- 
rate and positive control of engine timing. 

Worthington Corporation, Engine Division, Buf- 
falo, New York. 


—— 
.. AAAAY > 


EVAPORATIVE-TYPE 
ENGINE WATER COOLERS 


Economical Continuous Power— Diesels, Oil and Dual Fuel, 
and Spark-Ignition Gas Engines, from 150 to 2100 bhp. 
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“We were 
surprised 


at the 
condition 
of this 
engine” 


... Says G. V. Yarger, 


“When we finally opened up our Worthington, Supt. Municipal Utilities 
it was in the best condition I’ve ever seen a diesel Waverly, lowa 

engine that had operated such long hours 

and under such heavy loads as this unit. It had a total 

of 48,926 hours on it — 8,987 hours of tough operation since the 

last overhaul. 


Mr. Yarger continues, “We've been using Sinclair RUBILENE® Heavy in the 
crankcase and RUBILENE H.D. 30 in the cylinder lubricator. 

These RUBILENES have kept the crankcase and upper portions of the cylinders 
exceptionally clean and bright, with no sign of carbon or deposits.” 


That's a typical report on the exceptional qualities of the Sinclair RUBILENES. . . 
evidence that they could improve the efficiency of your diesels, too. 

Why not switch now? Contact your nearest Sinclair Representative or write 
Sinclair Refining Company, 600 Fifth Avenue, New York 20, N. Y. 


SINCLAIR DIESEL OILS 
Save wear and replacements 
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A Big Help 


on small—as well as big—deaeration jobs 





Small deaerators are big business at Worthington! 

That’s why the plant with small-capacity require- 
ments will benefit by getting acquainted with the com- 
plete range of Worthington deaerating equipment. 


Worthington Gives You All Types, All Sizes 


Worthington deaerating heaters and deaerators are 
built in sizes to handle from a few thousand pounds an 
hour to over a million, They are tailor-made to fit the 
particular requirements of each job. Special designs are 
available for operation with codlstoeniie water. 

Both tray and steam-jet types are made—with ex- 
ternal surface-type vent condensers or internal direct- 
contact vent condensing. They can be furnished for 
any practical operating pressure—constant or variable 
—or for vacuum operation. 


With a complete range of sizes and types at their 
fingertips, Worthington engineers can competently 
recommend the design best suited to your requirements. 

Remember, too, Worthington designs are backed by 
over 50 years experience in the design and manufacture 
of direct contact feedwater heaters and over 100 years 
experience in hydraulic machinery. 

Send your water treating problem to Worthington 
Corporation, Steam Power Division, Harrison, N. J. 


WORTHINGTON 


——— +> > ¢ ———— 
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ADJUSTABLE PIPE HANGERS 
AND SUPPORTS [PE 


for every piping requirement 


? 

Or 
— Th Soy, 4 Steg, 
“ae Sein, NG / 


~— “te Ung / 


fig. 108 
> - split ring fig. 224 
swivel ring 


stg (ring only) forged alloy clamp 
split ring type um" eae ” ” ol 
%" to 8” pipe 4" to 8” pipe 4" to 16" pipe 


fig. 107 
fig. 101 » 
oan ring _ a fig. 212 
: with socke 
rege A" to 8” pipe Wr ae" oe 
o 
ae (heavy duty, fig. 216 
3” to 16” pipe) 


fig. 1018 
swivel ring 


with boss 


fig. 115 
split ring fig. 295 

with turnbuckle wrought clamp 
solid ring type adjuster (optional) double-bolt 
(optional) 4” to 6” pipe 1%” to 24” pipe 
2” to 8” pipe 


Pt ad fig. 138 
solid ring a extension ring fig. 261 
AG to 8” pipe tapped 1. P. S. riser clamp 
%" to 3” pipe %” to 20” pipe 


fig. 97 fig. 105 
—ne clip ring fig. 260 
4" to 8” a 16" to 2” pipe wrought clevis 

— xy” to 16” pipe 


fig. 232 
fig. 95 ; Pas. fig. 269 
wrought ring ard i pr ; 9 wrought band 
flattened end bolt ~ %”" to 8” pipe 
Y” to 8” pipe 


Write for Hanger Catalog 


GRINNELL 


WHENEVER PIPING IS INVOLVED 








Grinnell Company, Inc., Providence, Rhode Island ° Coast-to-Coast Network of Branch Warehouses and Distributors 


Manufacturer of: pipe fittings * welding fittings * forged steel flanges * steel nipples * engineered pipe hangers and supports 
Thermolier unit heaters * Grinnell-Saunders diaphragm valves * prefabricated piping * Grinnell automatic fire protection systems 
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Because you use the same 
“ECONOMY De- Lay” Cartridge over and over 
again. 


You renew a “blown” 
ECONOMY Fuse by simply inserting an inex- 
pensive “ECONOMY DE-LAY” Renewal Fuse Link 
in the old Cartridge. 


You reduce “lights out” and 

“machine down time” because 

“ECONOMY De-Lay” Fuse Links are replaced 
in a few seconds. 


Your investment in 

“ECONOMY De-Lay” Fuse Links is much 
smaller than the investment required if you 
use non-Renewable Fuses for each fuse 
replacement. 


Ask for the ECONOMY Catalog and Price List. 


Sev 


© Reg. U. S. Pat. Office 


Your Electrical Wholesaler has “ECONOMY DE-LAY” Renewable Fuses 
and Renewal Links in stock. 


een FUSE AND MEG. C0., 2717 creenview ave, chicaco 14, 1LLINoIs seresscnrarves, oy 
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SK wickes 


Steam generators 
are cutting costs in 


America’s finest 
refineries and natural 
gasoline plants 


Recognized Quality 
Since 1854 
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Wickes Type A Steam Generators have a splendid record 

in the oil processing industry. In scores of refineries and 
natural gasoline plants they have helped speed production 
and reduce operating costs considerably. They operate at a 
high degree of efficiency and maintenance costs are 
unusually low. Wickes can fill your requirements for all 
types of multiple drum boilers up to 250,000 Ibs. steam 

per hour at 1000 psi. — adaptable to any standard method 

of firing. Units capable of sustained steam production 

up to 35,000 Ibs. per hour at 1000 psi. can be shop-assembled 
for immediate installation. Write today for descriptive 


literature or consult your nearest Wickes representative. 


THE WICKES BOILER CO. 


SAGINAW, MICHIGAN 
DIVISION OF THE WICKES CORPORATION 


SALES OFFICES: Atlonta © Boston « Buffalo « Chicago © Cincinnati ¢ Cleveland 
Denver © Detroit ¢ Greensboro, N. C. © Houston © Indianapolis ¢ Los Angeles 
Memphis ¢ Milwaukee * New York City © Pittsburgh ©¢ Portland, Ore. © Saginaw 
San Francisco ¢ Springfield, Ill. ¢ Tampa, Fla. © Tulsa © Washington, D. C 
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leboratory demonstration 
shows foaming of highly al- 
kaline solution in test cyl- 
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This laboratory demonstration shows — as 
do scores of successful installations — that 
Bird-Archer’s Concentrol is a highly effec- 
tive anti-foam agent. It quickly stabilizes 
alkaline boiler water . . . eliminates foam- 
ing action and carryover. With Concentrol, 
you can forget about bouncing water 
gages. You get good quality dry steam 
every hour of every day. 


Concentrol is available in liquid, powdered 
or briquette forms. Special Concentrol for- 
mulations are also available containing 
other commonly used boiler water treat- 
ment chemicals such as tannins, phosphates, 
alkalies, sulfite, etc. 


See for yourself how economical Concen- 
trol helps improve steam quality. Your 
Bird-Archer representative will demon- 
strate Concentrol in your plant . . . make 
specific recommendations for its use. 
Consult him, or write direct to Bird- 
Archer, outlining the details of your 
boiler operation. 


FREE DATA SHEET AVAILABLE 





HOW CONCENTROL WORKS 


Concentrol works by effecting a rapid 
change in surface tension of steam 
bubbles which permit coalescence of 
small steam bubbles into bubbles of 
larger sizes. This results in the forma- 
tion of unstable bubble films which 
break readily upon reaching the steam 
disengaging surface of the boiler water. 
This does away with foam build-up 
and subsequent carryover. 











WATER TREATMENT 
THE BIRD-ARCHER COMPANY 
4337 North American St., Philadelphia 40, Pa. 
NEW YORK + CHICAGO 


IN CANADA 
The Bird-Archer Co., Limited 
Cobourg, Ontario 


IN MEXICO 
Calderas y Accesorios, S. A. 
Amsterdam 291, Mexico D. F. 








Same solution after addition 
of 12 ppm of Concentrol 
Anti-foam. Constant heat 
conditions were maintained 
during test. 
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No Leakage 
No Lubrication 


That’s why Ingersoll-Rand’s advanced design 


DPAYV ad DHVY PUMPS 


can end your maintenance problems 
in general hydraulic service 


SINGLE-STAGE 
DOUBLE-SUCTION 


HEADS TO 340 FT. 
CAPACITIES TO 2100 GPM 
TEMPERATURES TO 200° F. 


Y Double Mechanical 
@ Extra Protection Against Shaft Leakage through use of efficient double 
shaft seals in place of usual, packed stuffing boxes. Shaft Seals 


® Double Shaft Seals end stuffing box maintenance. Y Permanently Lubricated 


®@ Longer Seal Life assured with double shaft seals. Clean sealing water Ball Bearings 
is injected to protect sealing surfaces when pumping gritty liquids. 


@ Sealed, Cartridge-Type Bearings require no lubrication throughout if = 
their service life. a, 


These advanced design features make the DMV line the simplest and Th we, — 
most maintenance-free single-stage double-suction pumps ever developed ; ] ok Tb 
by Ingersoll-Rand for general hydraulic service. Ask your nearest I-R rep- 

resentative for complete information on this latest pumping development. 


- 


“athe cel 


Ingersoll-Rand 


Cameron Pump Division 
11 Broodway, New York 4, N. Y. : a } 772-10 


COMPRESSORS © PUMPS © AIR AND ELECTRICAL TOOLS * VACUUM EQUIPMENT * ROCK DRILLS * CONDENSERS © GAS AND DIESEL ENGINES 
INDUSTRY AND POWER * January 1953 61 





GUN-PAKT 
EXPANSION JOINTS 


USER OF GUN-PAKT JOINTS SINCE 1935 
ORDERS 16 MORE FOR NEW STEAM LINE 


This prominent New York State utility has been ene aveey 
Gun-Pakt me psa Joints for the past 17 years. Now they 
have ordered 16 more (12’’, max. working pressure 400 psi) 
for a new steam distribution line in their expanding system — 
pretty good proof that Gun-Pakt Joints give trouble-free, 
economical service. 


Central station heating plants, institutions and industrial pir 


plants all over the country are finding Gun-Pakt Joints offer 
maximum protection with minimum maintenance. 
Gun-Pakt Joints are rugged, strong joints. They offer 
freedom from shutdowns because they are serviced under 
full steam pressure. Maintenance costs are low; one 


utility that — accurate records found their maintenance ” 


costs to be only 65c¢ per year per joint! 


To service a Gun-Pakt Joint you simply imsert q plug of 
packing, twist a wrench, and the joint is soma ; . the job 
done . . . all without taking pressure off the line 


Yarway engineers, conveniently located hear you, ure con- 
stantly working far better, more profitable steam plant oper- 
ation, Call on your Yarway man for friendly, helpful advice. 


YARNALL-WARING COMPANY 
109 Mermaid Avenue, Philadelphia 18, Pe. 
, Branches in principal cities 


ED. | DEL. 


Seomey Gun-Pakt Expansion Joint installed 

m Rochester Gas & Electric Corporation's 
mreed Ot. subway line. 10” joint, 225 Ibs. 
pressure, 450°F. 
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Regulators are necessary in a few cases, advisable in many others. But they 


should not be used to correct deficiencies in the electrical system without 


adequate reason. Here is a discussion on the sources of voltage variations, 


examples of effects on various loads and a brief resume of common types of 
regulators, the size 






HE PURPOSE of regulators is 

to hold voltage within very nar- 
row limits at a given point on the elec- 
trical system or to greatly reduce vari- 
ations at circuit points on the load 
side. Truly constant voltage is seldom 
necessary and fluctuations can be re- 
duced by other methods. The problem 
therefore becomes an analysis of re- 
quirements and a comparison of eco- 
nomics of the various methods, as well 
as a balance of the lowest cost against 
need for better voltage control. 

The comparison of methods and 
costs could evolve into a major proj- 
ect. The purpose of this article is to 
break a survey of the system into its 
component parts and to help analyze 
results that may be obtained from the 
various methods of correction, Prob- 
lems involved in a preliminary survey 
are discussed in ae to focus atten- 


tion on the most important decisions, 
whether they be to provide spot regu- 
lation for individual areas or loads, 


A. B. WHITE, Associate Editor 


or to proceed with design of a more 
adequate system. 

In most discussions on voltage reg- 
ulation, automatic regulators are con- 
sidered as a makeshift method of ob- 
taining a substantially constant volt- 
age. The consensus seems to be that 
an adequate modern distribution sys- 
tem will provide a utilization voltage 
constant within limits suitable for 
most equipment used in production 
and in the plant services at the lowest 
possible operating cost. Certainly this 
has been proved true in the majority 
of cases, and nothing in this article 
should be interpreted to mean that 
voltage regulators should be substi- 
tuted for investment in a suitable dis- 
tribution system. 

Excessive voltage variations in a 
system are normally accompanied by 
excessive losses. Since a regulator can 
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ranges, characteristics and their relation to the load. 





only change the voltage, the losses will 
remain and ordinarily, in an inade- 
quate system, their cumulative cost 
will pay for a new system in a short 
time. 

Partly for this reason, there are 
few comprehensive studies based on 
experience* in use of regulators. The 
first and greatest effort, rightly, has 
been to improve the distribution sys- 
tem. As a result, applications for reg- 
ulators are usually individual case 
studies difficult to reduce to a general 
recommendation. Furthermore, these 
studies, as will be shown, often in- 
volve economic and human factors 
not necessarily directly related to op- 
eration of the distribution system 

There is a small but widespread 
minority of applications where voltage 


*INDUSTRY AND POWER will welcome 
correspondence describing your own experi- 
ence, voltage conditions in your plant, type 
of loads involved, and your opinion on cor- 
rective methods. 
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regulators have been or should be con- 
sidered. In general, they are created 
by factors listed in Table 1, page 67, 
or a combination thereof. 

Any system has voltage variations 
except at the actual point of correc- 
tion, if any. Variations result from 
voltage drop inherent in all distribu- 
tion equipment, whether it be in the 
industrial plant or the utility supply. 

Even in an ideal system there is 
an appreciable amount of a or 
variation with load, for its value is 
an economic compromise between good 
results for the average type of utiliza- 
tion equipment and the cost of distri- 
bution equipment. Further reductions 
in voltage drop would not only re- 
quire more capacity in transformers 
and cables and/or higher voltages 
but would also increase switchgear 
costs to provide the necessary inter- 
rupting capacity. 

Limits of Voltage Variation 


Unfortunately, a range of variation 
suitable to most situations may 
excessive in others. In addition, vari- 
ations unless corrected at an inter- 
mediate point, are cumulative all the 
way from the source to the load, Fig. 
1. Also, fluctuations caused by all 


64 


Fig. 1—Plant systems are an extension of utility lines. 


The diagram illustrates 


typical sources of full load voltage drops which accumulate to produce total 


load voltage variation. 


The gradual line drops vary with size and length of 


lines; the sharp transformer drops, with voltage class. Actual regulation at load 


other loads on a system are com- 
ey with those caused by the 
oad in question, Fig. 2. 


COMMON FACTORS 

Supply voltage. Utilities as well as 
industrial plants are subject to these 
conditions. Consequently, unless there 
is a regulator very close to the plant 
primary substation, plant input volt- 
age will vary independently of its 
load. In general, utilities provide ade- 
quate power at reasonably constant 
voltage. Nevertheless, there is some 
supply voltage variation which must 
be considered with the voltage drops 
in the plant system. 

In many cases, supply variations 
are excessive. There are instances 
where the utilities simply cannot pro- 
vide capacity as rapidly as demand 
increases, a condition likely to be 
encountered in varying degrees for 
some time to come. Most difficulty 
will likely be found on utility circuits 
supplying several plants in rapidly 
growing industrial areas, near the 
end of lines remote from generating 


or primary loop facilities, and on 
some small systems in rural areas. 

Unusual circuit situations, The sec- 
ond factor would include cases* too 
diversified to catalog. An example 
would be isolated circuits such as a 
line to the pump house that may or may 
not be improved by other methods 
such as a higher voltage feeder, with 
possible exceptions as for regulated 
control power. Other instances, how- 
ever, may involve sizable plant areas 
as where circuit impedance was in- 
creased to limit short-circuit currents 
to reasonable values before af unan- 
ticipated load was added. 

Unusual loads also form a large 
group varying from chippers in a 
pulp mill to resistance welders. Nor- 
mally, the first step where such loads 
constitute a large part of ge capacity 
is to do everything possible to reduce 
load variations to a minimum and 
supply a system with enough capacity 
to further limit voltage variations. All 
too often, voltage variations are still 


*Examples are given in “Dust, Corrosion 
and Electrical Distribution” in this issue. 
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varies from 3 per cent, in some new and coordinated utility and industrial systems, 
to 20 per cent and more. Momentary overloads, method of power factor correction 
with synchronous motors or capacitors, utility use of regulators and many other 
factors affect the no load voltage and voltage changes at the load terminals 


excessive for the rest of the plant 
load, and regulators are worth con- 
sidering /f the changes occur at a rate 
and frequency whick can be corrected 
by them. See discussion on types of 
regulators. 

Laboratory, inspection, control, elec- 
tronic and other special equipment 
or loads may require a more constant 
voltage than necessary for general 
plant purposes. These loads would 
ordinarily have to be a very large 
percentage of the plant capacity to 
make it desirable (assuming constant 
plant supply voltage) to reduce sys- 
tem impedance enough to limit vari- 
ations _ normally accepted val- 
ues. Limits for these loads are often 
so close that automatic regulators are 
the only practical solution. 

Human factors. Most factors dis- 
cussed are of a technical nature. They 
can be analyzed and solutions placed 
on a sound economic basis. There 
are, however, many others which, even 
when recognized, are difficult to as- 
sess. Many operations, for example, 
depend on a number of interrelated 


factors, one of which may be conver- 
sion of electrical energy as a function 
of the voltage. Normally, in obtaining 
maximum production, a delicate bal- 
ance is created with other factors. 
Thus in some heating and drying 
operations, in welding and in many 
other processes, speed or time is 
closely related to supply voltage and 
ordinarily regulated to the voltage 
existing during the bulk of the shift 

Theoretically, when the plant load 
changes at start or finish of a working 
period, the operator should be able 
to readjust speed or time to compen- 
sate for the rising voltage. Unfortu- 
nately, the same human failings forc 
ing the trend to fully automatic oper- 
ations account for the fact that more 
often he does not. This of course 
means that either quality suffers for a 
time, increasing rejects and repairs, 
or the operation must be slowed to a 
point of less critical conditions, de- 
creasing return on equipment. 

Thus it falls to the engineer re- 
sponsible for the plant services to 
consider factors similar to the above 
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along with other non-technical prob- 
lems, such as the optimum time for 
improving the distribution system 
These are balanced with strictly tech- 
nical factors to determine need for 
voltage regulators and similar equip- 
ment. The aim is to keep the “howl- 
ing minority" of loads or situations 
from causing trouble. 


CAUSES OF VARIATIONS 


First step is a comprehensive, if 
brief, survey of causes of voltage 
variation, their extent and their pos- 
sible effect on various plant loads 
Voltage variations are insidious in 
nature and cannot readily be detected 
without actual measurement. They 
often appear from unexpected sources, 
For example, capacitors added to re- 
duce voltage a will, unless 
switched with the os also cause a 
rise in no load voltage. 

Another common cause of high no 
load voltage is increase of transformer 
potential to raise load values. These 
overvoltages, which may also be found 
in a survey, can be very harmful. 

Knowing the system from the 
standpoint of voltage variation is 
highly desirable. Although constant 
load voltage is the goal, it cannot be 
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Fig. 2—Total load voltage variations are resultant of supply fluctuations and 
voltage drops in the area itself, reflecting not only magnitude but composite 
frequency of both. Load requirements may vary. For example, some processes and 
equipment need a steady voltage even in preference to limits based on efficiency 


fully realized in a practical sense and 
the problem becomes one of doing 
the most good for the lowest invest- 
ment. Consequently, correction at 
intermediate points, or at the supply, 
may be preferable. 

In general, voltage variations fall 
into two classes; those caused by 
changes in voltage input to any circuit 
and those caused by impedance drops 
in the circuit itself, The first is always 
impressed on the second, contribut- 
ing to the total load voltage spread. 


Supply Variations 


Commonly the plant engineer is 
handicapped in any effort to correct 
voltage Puchiations in the plant sup- 
ply. Utilities generally are aware of 
the importance of constant voltage 
and have already done everything eco- 
nomically feasible to supply it. In 
such instances, a simple request for 
better voltage conditions may a, 
ently fall on deaf ears. But backed 
by a recap of plant conditions in gen- 
eral, a satisfactory discussion on ex- 
cessive supply voltage variations may 
be anticipated. 

However, better service will result 
in increased costs which, although 
temporarily absorbed by the supplier, 
will ultimately be passed to the con- 
sumer. Again, the engineer in the 
industrial plant must assess the facts 
and decide the best course for voltage 
correction before making requests. 

Utility supply systems, and voltage 
changes, vary widely as viewed from 
the primary substation of a plant. In 
highly industrialized areas, there will 
probably be a number of generating 
plants tied into a distribution network. 
A larger plant in the midst of the net- 
work may be receiving power from 
several sources in parallel. 

Smaller plants may find themselves 
on a utility intermediate network with 
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or without plants and other loads of 
similar magnitude whose fluctuations 
may have their effect. Still other 
plants in fringe areas will ‘‘see’’ their 
supply as a long feeder in which their 
own load is the primary factor con- 
tributing to voltage changes. 

The supply voltage variations will 
add to the voltage or impedance drops 
in the plant system to increase the 
over-all spread, Figs. 1 and 2. Where 
supply changes do not coincide with 
those in the | pers a more rapidly 
fluctuating load voltage will result. 

Usually, the smaller plants will be 
connected to relatively low voltage 
utility feeders and subject to greater 
supply voltage variations. On the 
other hand, the plant system itself 
will have, at the most, one transfor- 
mation and short distribution lines so 
that the inplant impedance drops may 
be low. These compensating factors 
mean that the over-all voltage spread 
should not be greater than in a ae 


caer (assuming equal system quality) 
ut that the timing and control of the 
variations are determined to a greater 
extent by supply conditions. 


Internal Plant impedances 


The actual impedance of each por- 
tion of the circuit, Fig. 1, varies al- 
most inversely as its capacity so that 
the per cent impedance of transform- 
ers is nearly the same for all ratings. 
Thus industrial transformers range 
from four to six per cent in common 
sizes. Consequently, voltage regula- 
tion, or the change from no load to 
full load voltage will be substantially 
equal. Feeder impedance, however, 
varies with length and conductor 
spacing. 

Thus if the change in load voltage 
is brought about by the entire plant 
going from no load to full load, the 
full regulation of each portion of the 
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circuit, along with variations in the 
supply circuit, add | to the maximum 
load voltage spread encountered. 


Impedance and Regulation 


Voltage drop in a circuit compo- 
nent depends not only on the imped- 
ance but on the power factor of the 
load. For this reason, the rating of 
a transformer usually includes per 
cent impedance rather than per cent 
regulation. Also, impedance of both 
cables and transformers is used in 
calculating interrupting capacity re- 
quired for switchgear and is generally 
available in specification sheets or 
tables. 

Fig. 3 illustrates that impedance is 
made up of reactive and resistive com- 
ponents which must be combined vec- 
torially. It should be noted that in 
general high voltage components have 
a high reactance to resistance ratio 
so that impedance is nearly equal to 
reactance. As voltage decreases, how- 
ever, resistance becomes a more im- 
portant factor. 

How voltage drop is affected by 
power factor is also graphically shown 
in Fig. 3. The impedance drop may 
be broken down into its resistive and 
reactive components, the former being 
in phase with the load current, the 
latter leading by 90 deg. The vector 
sum of the two components and the 
load voltage must equal the impressed 
primary voltage reduced by the ratio 
of transformation as shown. 

For high power factors, transfor- 
mer or cable reactance has little ef- 
fect, and regulation is a fraction of 
the impedance (both expressed in 
percentage). However, at lower power 
factors, impedance drop becomes more 
nearly in phase with load voltage and 
subtracts almost directly from the im- 
pressed (or corrected primary) volt- 
age. As a result, per cent regulation 
and impedance become nearly equal. 
The last diagram illustrates how a 
leading power factor may cause no 
load voltage to mse. 

From the standpoint of voltage 
variations, the significance of power 
factor becomes apparent in consider- 
ing several commonly met conditions. 
For example, the value of capacitors 
and synchronous motors for increas- 
ing power factor and reducing system 
kva and voltage drop must not be 
discounted. However, they may not 
decrease voltage variations unless they 
are switched with the load and may 
even contribute to undesirable over- 
voltages. 

Again, a 100 hp induction motor 
operating near full load would require 
possibly only a quarter of the capacity 
of a 300 kva transformer and sub- 
station which at first glance might not 
seem unreasonable. However, the 
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power factor at starting drops to 0.5 
or less and the kva may well increase 
to 300. As a result, the per cent 
voltage variation in the transformer 
may approach the value of the im- 
pedance, or possibly 5 per cent. This 
may easily be doubled by impedance 
of the primary feeder and primary 
substation (or utility) transformer. 
Consequently, this motor alone may 
cause variations up to 10 per cent on 
the load center secondary oo 

The operating cycle of the motor 
and effect of resulting variations on 
other equipment served by the sub- 
station should be considered. Many 
types of load would be affected by fre- 
quent starting of the motor. 

On the other hand, corrective meas- 
ures might prove difficult. Although 
somewhat small, it is probable the 
motor under discussion should have 
been wound for high voltage and sup- 
~" from a separate primary feeder. 

is would have avoided the major 
cause of variation—transformer and 
feeder impedance. In either case, if 
the degree of voltage fluctuation was 
objectionable, the short duration of 
the dips would require almost in- 
stantaneous correction. 

A regulator which operates too 
slowly would of course be ineffective. 
Another operating at medium speed 
might lag Pehind the change, and be 
effective only in decreasing duration 
of the dip. Furthermore, unless fast 
enough to follow the voltage rise as 
the motor accelerates, or unless com- 
pensated, it may cause overshoot. 

Thus if frequent starting affected 
other loads, it would appear advisable 
to supply the motor by a separate line 
if possible. Otherwise, corrective 
measures might be limited only to the 
most critical small loads such as con- 
trol circuits that could be economically 
supplied by instantaneous types of 
regulators. 

Resistance welders also usually draw 
momentary loads well over their name- 
plate rating. In addition, single phase 
types have very low power Raier 
and therefore compare with heavy in- 
duction motors under starting con- 
ditions. Frequently started motors, 
resistance welders, arc furnaces, recip- 
rocating compressors and the like 
create rapid fluctuations that are diffi- 
cult to correct, except for small loads. 
They should be isolated from loads 
requiring constant voltage and from 
lighting circuits as much as possible. 

Where a number of heavy motors 
or welders are employed, the principle 
of the diversity factor is often used. 
Individual pieces of equipment are 
electrically interlocked to limit the 
number that may draw peak loads at 
any one time, limiting amplitude of 
variations but increasing frequency. 


It was previously noted that the 
utility voltage curve is impressed on 
the plant load voltage curve, pro- 
ducing a composite for the primary 
bus with more extensive variations than 
either alone. The composite curve in 
turn, is the supply curve for each load 
center, which also will have its own 
load cycle. 

Obviously, the voltage curve at a 
given load may become a bit com- 
plicated, but will probably consist of 
one or more long cycles with appreci- 
able amplitude upon which is super- 
imposed a series of more rapid fluctu- 
ations of lesser magnitude. All of 
these changes are normally within the 
range of all automatic regulators. In 
extreme cases, “instantaneous” types 
may be necessary for the rapid changes 
even though larger regulators smooth 
out the longer cycles. 

Where it is possible, human factors 
may also act to increase voltage varia- 
tions. For example, in a department 
where a number of operations are 
individually controlled * operators, 
production often proceeds by spurts, 
with all men taking a rest at the same 
time. Often the resulting load changes 
are recognizable on a voltmeter some 
distance from the department. 


EFFECT ON LOADS 


In the final analysis, the effect of 
existing voltage fluctuations on in- 
dividual types of loads must be con- 
sidered iain corrective measures are 
taken. 

All equipment has maximum and 
minimum voltage limits specified for 
reasonable life and operating effici- 
ency, and an optimum value at which 
best life and efficiency are obtained. 
These values vary. Although a range 
of, say 15 per cent is suitable for the 
majority, other equipment must be 
held to much closer limits to avoid 
high replacement costs. In both cases, 
of course, it is assumed that nominal 
voltage is such its variations will fall 
within the high and low limits, or can 
be adjusted to do so. 

In addition to over-all operating 


efficiency, actual load voltage (at any 
given time) affects electrical efficiency, 
capacity, heating, torque, output and 
similar characteristics in various ways 
depending on equipment. These might 
be listed as steady state effects. 

In addition, rapidity of fluctuation 
is often important. Speed of an in- 
duction motor, for example, is relative- 
ly insensitive. A 20 per cent change in 
voltage will produce less than a 3 
per cent change in speed. Yet if the 
motor were used in a regulated system 
having another function, such as flow, 
dependent on its speed, oscillations 
with a magnitude several times the 
normal speed change could conceivably 
occur. A much more common ex- 
ample of importance of frequency is 
found in light flicker. 

Returning for the moment to the 
steady state effects, other than inci- 
dental mention is probably unneces- 
sary here. For most equipment, change 
of the various characteristics with sup- 
ply voltage is covered in detail in 
handbooks, manufacturers’ literature 
and frequent articles. 

More important is a discussion of 
means of coordinating the informa- 
tion and best methods of correction 
For example, a table of such informa- 
tion may show that an induction mo- 
tor operated at 90 per cent rated 
voltage has its full load current in- 
creased about 11 per cent. This means 
that to avoid overheating, it must be 
operated at only 90 per cent capacity 
In addition, overload capacity, and 
starting and maximum running torque 
are decreased nearly 20 per cent and 
slip increased 23 per cent. 

Consequently, even though equip- 
ment were overmotored for better 
regulation or higher peak demand, 
capacity is severely limited and a high 
percentage of equipment investment 
can produce no return. On the other 
hand a 10 per cent overvoltage is 
generally beneficial except where in- 
creased starting torque or low power 
factor may cause trouble. 

Now assume a load center area in 
which a high percentage of the load 





TABLE I—FACTORS LEADING TO USE OF REGULATORS 
. Variations (which may or may not be “excessive") in the plant power supply. 
. Unusual plant circuit situations, such as an isolated load area. 
. Unusual loads making up a large part of plant capacity and producing variations 


objectionable for the rest of the equipment. 


. Conversely, loads or load areas requiring (for electrical reasons) better voltage control 
or stability than economically feasible for the major part of plant load. 

. Operations where voltage variations and human factors conflict. 

. Loads for which a regulated voltage with an adjustable value is desirable (regulator 


range must be considered). 


. Situations in which investment-less-salvage value of regulators is low enough to allow 
delay of consideration or design of a new distribution system until future requirements 


can be determined. 
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Fig. 3—These sketches illustrate how 
load power factor is important in the 
consideration of sources of voltage 
variation. At top, per cent impedance 
is broken into reactive and resistive 
components. The center three diagrams 
show how lower power factors increase 
regulation. At bottom, leading current 
causes voltage rise at load. Voltage 
drops are exaggerated for clarity. 

Examples above apply to transformer 
reduced to 1:1 ratio, but also illus- 
trate drops in feeders. At the higher 
voltages, reactance to resistance ratio 
increases making the effect of power 
factor on voltage drop more pronounced 


is composed of induction motors. 
Further assume that a combination of 
conditions produces a total voltage 
change of 20 per cent. Thus, at the 
start of the day shift, voltage is 480 
v but drops rapidly as load goes on 
both in the plant and in the surround- 
ing area. During most of the working 
shift, voltage hovers around 400 v, 
rising occasionally during slack and 
lunch periods and again at the end 
of the shift. 

It is important to note here that 
although the extreme low voltage pe- 
riods may cover only one half to two 
thirds of the working day, possibly 
80 to 95 per cent of plant output 
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occurs in that time. Therefore, if 
the final decision is to employ regula- 
tors to eliminate the low voltage con- 
dition and maintain the nominal 440 
v rating for most motors, cost of 
regulation may be balanced against 
the 10 to 20 per cent increased capac- 
ity of motors and equipment. Other 
benefits result from decreased heating 
of motors, bringing longer life and 
lower maintenance. 

Considering only the motors, how- 
ever, in most cases it would not be 
unreasonable to raise the transformer 
voltage, say, 71/, per cent. For al- 
though plant voltage at light load 
would be high enough to have detri- 
mental effects, an extremely small 
percentage of production operations 
involving motors would take place 
under that condition. 

However, a small but very impor- 
tant portion of plant —— con- 
tinues to operate even during low 
production periods. This would in- 
clude lights, capacitors, control equip- 
ment, inspection and laboratory ap- 
paratus, and plant service equipment 
such as pumps, fans and controls. The 
bulk of this equipment is far more 
sensitive to high and low voltage as 
well as to voltage variations than 
are induction motors. On the other 
hand, much smaller regulator capacity 
is needed. Therefore the problem is 
to choose the portion of the load most 
efficiently al ddeneinanieily regu- 
lated. 

Other common types of equipment 
and the principal ways they are af- 
fected by voltage variations are: 


Lights 


At 90 per cent rated voltage, in- 
candescent lamp output is only 70 
per cent rated value although life 
is increased four times. At 110 per 
cent voltage, output increases to 140 
per cent but life has decreased to one- 
third normal, and further decreases 
to one-tenth at 120 per cent. Labor 
cost in replacing lamps is probably 
the most important factor here. 

Fluorescent lamp output varies al- 
most directly with voltage making 
them much less sensitive than incan- 
descents. However, excessive under- 
voltages cause starting difficulties and 
loss of life, while ballasts may begin 
to overheat with overvoltages only a 
few per cent above normal. Mercury 
lamps, in general, fall midway be- 
tween the fluorescent and incandescent 
types. 

Long time variations in light out- 
put are hard to notice visually so that 
instrument readings are necessary to 
insure optimum return on investment. 
On the other hand, short dips even 
of small magnitude are easily dis- 
tinguished and may become very ob- 


jectionable if repetitive. Thus a 2 per 
cent voltage dip on an incandescent 
lamp is objectionable if it occurs once 
a minute; at five dips per second, the 
limit is reduced to half of one per cent. 

It would be impractical to try to 
correct rapid fluctuations in a plant 
lighting load with regulators because 
a capacity and investment required 
to obtain adequate speed of response. 
Slower, high capacity types might even 
aggravate the condition by causing 
overshoot, although they would be 
highly satisfactory for slower varia- 
tions. Best answer is to isolate light- 
ing from the load causing rapid fluc- 
tuations. Fortunately, fluorescent 
lamps are less sensitive to amplitude 
of the dips in proportion to their 
lower voltage sensitivity. 


Control Equipment 


Except for electronic types, control 
components are not generally in them- 
selves adversely affected by moderate 
voltage changes, although extremes* 
may cause malfunctioning or loss of 
life. Solenoids, for example, should 
operate satisfactorily on 10 per cent 
over-voltage and 15 per cent under 
voltage. Generally, the same statement 
applies to complete units having an 
“On-Off” operation. 

However, trouble should be antici- 
pated where any operation, either in 
the control or in the equipment con- 
trolled, is a function of supply voltage. 
This is particularly true when feed- 
back is involved. Normally, critical 
potentials such as reference and bias 
voltages are regulated because varia- 
tions are greatly amplified by the 
control equipment. On the other hand, 
the power controlled is often not 
regulated and voltage fluctuations pass 
through the output to a varying de- 
gree. Seriousness of the variations de- 
pends on the relation of the output 
quantity to other operations in the 
process, and to the possibility of being 
reflected back to the control input 
where they may be amplified. Regula- 
tors with almost instantaneous re- 
sponse up to 5 kva are generally avail- 
able. 

Components in which magnetic 
saturation is a factor may have char- 
acteristics varied by voltage changes. 


Electronic Tubes 


The importance of constant filament 
voltage for electronic tubes is often 
emphasized, for a 5 per cent over- 
voltage can cut tube life in half. 
Lightly loaded units and tubes in 
standby service are generally operated 
at reduced cathode voltage to prolong 
life. However, low cathode tempera- 
*Examples are mentioned in the article 


“Important Characteristics of Control 
Transformers” in this issue. 
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ture reduces electron emission, thereby 
increasing tube drop and anode heat- 
ing in heavily loaded tubes. Further- 
more, in gas filled types, the cathode 
surface may be partially or completely 
destroyed by ion bombardment when 
emission is too low to carry peak 
anode currents. 

Consequently, any attempt to pro- 
long tube life by reducing cathode 
potential (which is sometimes set 
high to insure operation) should also 
insure constant potential to avoid un- 
dervoltages. Manufacturers limits are 
usually given as 5 per cent above and 
below rated value, but considerably 
increased life may be obtained with a 
narrower range. Much electronic equip- 
ment is now supplied with regulators, 
but price prevents extensive use. 

Regulating circuits are usually in- 
corporated in electronic equipment for 
bias and critical plate voltages. How- 
ever, these are seldom adequate for 
excessive supply voltage swings. In 
addition, factors considered under 
Control Equipment generally apply to 
electronic circuits. 


Heating Equipment 


Heat developed in a resistance is 
proportional to the square of the volt- 
age. In thermostatically controlled 
equipment, this factor would not or- 
dinarily be important, but may become 
so if rate of heating is significant. Also, 
overvoltage may affect life of elements 
Operated near top temperature limits 
or in atmosphere where corrosion or 
other action such as scale deposit in- 
creases rapidly with temperature. 

In many operations, heating de- 
pends on element temperature and 
another function such as conveyer 
speed. Regulation may be important 
in such cases, which include radiant 
heating and methods of generating 
heat by the resistance of the material 
itself. These processes are seldom ther- 
mostatically controlled. 


Welding Equipment 

Most critical part of resistance 
welders is the control. This is not 
too different from other control types, 
but note that generally it is difficult 
to isolate it from the load circuit 
which is a prime cause of variations. 
Fluctuations in control voltage may 
Cause erratic timing. 

As in other heating devices, heat 
output (with constant time) varies 
as the square of the power supply 
voltage, and welding conditions are 
often so critical, particularly on mili- 
tary work, that good voltage conditions 
are essential. Adequate capacity in 
the distribution system is necessary. 
In addition, plant or feeder voltage 
regulation is often desirable to avoid 
power supply variations, with possible 
exceptions where compensation is in- 
cluded in the welder control. 

In a-c and rectifier types of arc 
welders, output varies almost directly 
as the Pees 2 voltage. M-g sets are 
not so sensitive. But for maximum 
production, operating speeds are nor- 
mally pushed to the critical — so 
that voltage variations can be quite 
detrimental. 

A factor often overlooked, although 
common to many types of equipment, 
is particularly noticeable in all weld- 
ers. Internal resistance also affects 
output, particularly in d-c equipment 
(including low frequency resistance 
types). Since high supply voltage often 
coincides with idle periods for the 
welder, exceptionally high current for 
the first few operations thereafter re- 
sults from the combined effect of high 
voltage and low winding resistance. 
Constant voltage could usually hold 
output within acceptable limits and 
at the same time permit higher aver- 
age production. 


Capacitors 


The kva drawn by capacitors varies 
as the square of the voltage. At 90 


per cent of rated value they are only 
81 r cent effective. On the other 
vol internal heating increases ra 
idly toward limiting values for the 
insulation as kva and potential in- 
crease with excessive overvoltages. 
When connected on utilization cir- 
cuits to reduce the system load, they 
are subject to the maximum variation, 
Consequently, some savings in capac- 
itor cost may be applicable towards 
voltage control if both are desirable. 


Inspection, Laboratories 


Much of the electrical equipment, 
particularly the precision types, pur- 
chased for these applications has volt- 
age regulators included. However, 
special equipment must often be pro- 
vided for individual problems, with 
as great, or even greater, need for 
constant voltage. Spot or area regu- 
lation may be desirable depending on 
how operations are grouped. 


VOLTAGE REGULATORS 


Space in this article prohibits a 
truly comprehensive survey of voltage 
regulators, but brief consideration of 
the principal types and their charac- 
teristics and applications is necessary 
in considering the point of application 
and the extent to which they should 
be used. 

The discussion thus far has been 
based on the type of equipment de- 
signed to automatically hold system or 
load voltage within narrow predeter- 
mined limits. However, in considering 
the problem as a whole, some of the 
related types will necessarily enter the 
engineer's picture and will be includ- 
ed here for comparison and back- 
ground. 


Mode of Operation 


Most regulators, such as the auto- 
transformer or tap changing types and 
the induction regulator types, may be 
operated cither manually or auto- 
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Fig. 4—A survey of the plant system and loads may disclose 
electrical inefficiency and malfunctioning from 
variations, as well as the cause. But limit regulators to 
applications where analysis shows them to be most econom- 
ical methods of correction. Along with Fig. 3, case history, 
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above, supplied by the Esterline-Angus Company, shows how 
lightly loaded motors caused trouble. Changes to synchro- 
nous motors in some cases and to reduced sizes in others 
corrected condition for the majority of loads. However 
some loads need closer regulation than normally obtained 
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matically. While manual operation 
may be practical and an important 
phase in many operations, it is to be 
expected that it would ‘be reserved for 
situations where an operator is on duty 
at all times and where voltage swings 
are predictable. In general, ‘‘instan- 
taneous’ completely electrical types 
cannot be manually operated with the 
possible exception ad pepehbias for 
changing output voltage. 

In the types which are available for 
either manual or automatic operation, 
the latter method is usually provided 
by adapting manual designs to be con- 
trolled by a positioning motor. The 
motor in turn may be controlled by a 
voltage sensitive unit which may or 
may not include line drop compensa- 
tion in its circuit. 

Completely electrical types have no 
moving parts except for auxiliary ad- 
justments, The impedance character- 
istic of one or more of the electrical 
components, which may be in either 
shunt or series relation to the load 
current, varies in response to voltage 
hanges and controls the output volt- 
age. Examples are a shunt capacitor 
paralleled with a saturating inductance 
controlling a series transformer and a 
circuit incorporating a vacuum tube 
whose plate resistance is changed in 
response to grid signal variations. 
Most electrical types are more or less 
inefficient because of power consumed 
in ballast or regulating circuits. This 
normally limits sizes to 1 kva or less 
although some are available up to 5 
kva or more. 


Types 


Because of the variety of designs, 
the description immediately smug 
will have to suffice for electrically op- 
erated types except to note that trans- 
formation from high to low voltages, 
or the reverse, may or may not be in- 
corporated in the regulator. 

Tap changing types have a mechan- 
ism for switching taps either on a pow- 
er transformer winding or (particu- 
larly where point of regulation is re- 
moved from power transformers) on 
an auxiliary autotransformer. Taps 
are often spaced for ¥ per cent volt- 
age change. Range of regulation is 
usually limited to 5 to 10 per cent 
above and below normal voltage to 
reduce size of the voltage control 
equipment. In some cases a further 
reduction is obtained by using a single 
coil for both buck and boost, and re- 
versing connections as necessary. 

Step regulators are generally tapped 
wendeenes for changing voltage 
in small steps, usually under load, 
along with the necessary tap changer 
or load ratio control mechanism. The 
latter is equipment for changing trans- 
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former ratio under load and, while 
normally used on power transformers, 
may also be applied to autotransform- 
xs. Either a preventive autotransformer 
in the large sizes or resistance in series 
with the contacts in the smaller sizes 
will be used to limit circulating cur- 
rents during switching since the load 
current cannot be interrupted. For 
automatic operation, step regulators 
are usually motor driven. However, in 
some types involving a small number 
of steps (resulting in relatively large 
voltage steps) contactors may be used. 

Variable transformers are usually 
autotransformers designed so that a 
brush may make contact directly on 
an exposed portion of the winding, 
providing, in effect, a tap for every 
turn (or alternate turn) but avoiding 
the plurality of tap leads otherwise 
required. There are also two winding 
transformers, particularly in small 
sizes, in which the secondary is isolat- 
ed from the input. Multiphase units, 
provided by coupling the required 
number of single phase transformers 
together, are available. 

Variable transformers are normally 
designed to vary output voltage over 
the entire range from zero to 110 or 
115 per cent (sometimes 200 per cent 
or more) of input voltage and are 
therefore advantageous where a wide 
range of load voltage is needed. Brush 
rotation requires no torque other than 
that necessary to overcome friction 
and manual operation is usually adapt- 
ed to automatic control by employing 
a positioning motor. Three phase types 
up to 100 kva are available. 

Induction regulators are two wind- 
ing transformers designed like a mo- 
tor so that mutual inductance be- 
tween primary and secondary may be 
varied by rotating the latter. The volt- 
age change is continuous (i.e. without 
steps) and connections are permanent, 
avoiding brush wear. However, con- 
siderable torque is developed by the 
rotor, requiring either larger or slow- 
er positioning equipment than other 
regulators. A small “dead band” is 
usually provided to avoid continuous 
control operation. Construction is gen- 
erally more expensive but may be 
balanced against lower maintenance 
costs. 


Induction types also may be design- 
ed to cover the entire range of voltage 
from zero to maximum or above and 
are valuable where a wide range of 
controlled voltage is needed. However, 
for the more common application of 
holding load voltage constant, they 
are normally designed for a 71/, to 10 
per cent buck or boost. This, of course, 
reduces the kva and size required, 
which is almost proportional to the 
change in output voltage available. 


Industrial types range up to several 
hundred kva in size and are sometimes 
incorporated in a package unit, with 
step down transformer and breaker, 
for lighting loads and the like. 

Capacitors should also be consider- 
ed when the intention is only to re- 
duce voltage variations. They may be 
connected to the substation bus through 
switching equipment so that the num- 
ber of units on the line varies with 
load or voltage, thus controlling the 
system impedance drops. Obviously, 
constancy of the voltage as well as 
range that can be covered is limited. 
Another method, connecting capac- 
itors directly to load so that they are 
switched off with the load, can also 
only reduce voltage drop and avoid 
high no load voltages. Individual mo- 
tors should not be overcorrected. 

Synchronous motors can be used in 
the same manner as capacitors to re- 
duce voltage variations by controlling 
power factor through field excitation. 

Generator voltage controls, in plants 
which produce part of their own pow- 
er, may also be used to regulate load 
voltage to an extent depending on the 
situation. However, they can seldom 
provide constant voltage for a given 
load or plant area. 


Speed of Response 


In the “instantaneous” types having 
an all electrical mode of operation, 
correction within three cycles (60 ¢ cur- 
rent) is usually specified, although in 
some of the pl vacuum tube units 
the response may approach truly in- 
stantaneous correction. The three cycle 
time is usually adequate for variations 
of reasonable amplitude except where 
such changes are introduced into 
equipment which may amplify them. 

Response of motor driven types may 
vary widely but is relatively slow. For 
example, 20 sec may be required for 
a voltage change covering the com- 
plete range of 10 per cent below to 
10 per cent above normal. However, 
only 5 sec would be required for a 5 
per cent change, which would include 
the majority of sudden variations en- 
countered, and so on. Speed is ade- 
quate for all but rapid fluctuations, 
such as caused by motor starting, pre- 
viously mentioned. 

While the motor driven types are 
most suitable and least expensive in 
maintaining the most efficient constant 
voltage for a heavy load or a large 
plant area, they cannot cope with very 
rapid changes nor with variations in 
individual circuits where several are 
controlled by one regulator. Thus an 
instantaneous type may be necessary 
on, for example, electronic controls 
even though the power supply for the 
area is regulated by a larger type. 
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M & 0 INVESTIGATES 
FLY ASH COLLECTOR 


EFFICIENCY 


After installing fly ash collectors, the Minnesota 
and Ontario Paper Co. went about testing the units 
to find out their efficiency. Here is the test pro- 
cedure they employed, and the results they obtained 


ALFRED S. OLIVER, Steam Supt., 


Minnesota and Ontario Paper Co. 


ANY of the older plant installa- 
M tions of the Minnesota and On- 
tario Paper Company were such that 
no provision was made in yr ques 
design for space for suitable fly ash 
separators. The steam generating plant 
M and O at International Falls 
has seven steam generators, five were 
installed during 1927-1929, the other 
two units being installed in 1939 and 
1946 respectively. Each of the first 
five units was designed to generate 
80,000 Ib steam per hr at 450 psi, 
580 TT, using pulverized bituminous 
coal. Crowded into restricted space, 
application of suitable fly ash separa- 
tors is a complex problem. Further- 
more, since these units must be con- 
sidered for replacement, large ex- 
penditures for fly ash separators at 
this time may be better applied in 
the design of any contemplated mod- 
ern unit. 

Steam generators installed in 1939, 
designed for 80,000 Ib steam per hr 
at 450 psi, 600 TT offer better space 
and application as also does the unit 
installed in 1946, designed for 150,- 
000 Ib steam per hr at 450 psi, 600 
TT. These last two units will be 
equipped with fly ash separators in the 
near future. 

In making installation of any fly 
ash separator equipment, however, 
any steam generation reduction in al- 
ready overtaxed steam production units 
must be avoided and may require 
modification of fan capacities. 

Heavy fly ash emission from the 


Here is a general view of the barking 
process and flat screen. Conveyer 
in foreground transports bark to hog 


Kraft recovery unit was very success 
fully eliminated with the installation 
of an electrostatic precipitator. This 
situation was a source of critical waste 
and nuisance, and its correction pro- 
vided economy, better products, and 
a cleaner, more healthful, surrov.nding 

One of the major nuisance problems 
has been definitely improved with the 
installation of fly ash collector in con- 
junction with the bark burning boiler 
Since the air intakes to paper ma- 
chines and other manufacturing di 
visions were exposed to this fly ash 
hazard, contamination was soon evi 
dent. This contamination resulted in 
reaching a decision to obtain samples 
and necessary data for possible ap 
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This collector recovers fly ash from bark burning boiler 


plication of an effective fly ash catcher. 

Owing to the characteristics of the 
fly ash particle such as size, density, 
and volume, considerable difficulty was 
anticipated in obtaining a highly ef- 
fective unit for application on this 
bark burning unit. The furnace com- 
bustion design was restricted, thus 
necessitating high gas velocities in 
order to obtain burning capacity for 
quantities of bark involved. 

This condition resulted in a carry 
over of combustible and fly ash being 
discharged to atmosphere. The bark 
burning unit was originally estimated 
to produce 50,000 Ib steam per hr at 
150 psi, 600 TT and utilizes as fuel, 


waste bark, wood waste, and sawdust 





Bark and wood waste is processed 
through screens, hoggers, and dewater- 
ing presses and finally passed into the 
furnace with varying moisture ratios 
of from 50 to 55 per cent. 

The fly ash separator selected utilizes 
aerodynamic force through a cone 
Shaped unit. The surface of each 


cone has a louvered surface, which 
effectively and with low frictional loss 
separates the particles. The unit was 
designed for a capacity of 65,000 cfm 


and a pressure drop at operation temp- 
erature of 1 in. wg. 

High separating efficiency of the 
unit was soon very apparent and the 
following tests were made in order to 
obtain operating data. Preparations 
for the test and a preliminary survey 
of gas velocities, p te loadings, and 
temperature variations were made 

When testing for collector efh- 
ciency any one of three methods may 


be used: 


Operator can perform all functions 
necessary to obtain maximum efficiency 
from the bark burning boiler from this 
centrally located control panel board 


(1) Determination of the dust 
loading of the gas at both the 
collector inlet and outlet. 


Collector efficiency — 
Inlet grain loading—Outlet grain loading 


Inlet grain loading 
(2) Determination of the dust 
loading at the collector inlet 
and weight of dust caught in 
the collector during the test. 





Collector efficiency — 


ch grain loadin 


Inlet grain loading 
(3) Weight of dust caught in 
collector during the test and 
determination of dust loading 

at collector outlet. 


Collector efficiency 
Catch grain loading 


Catch grain loading and outlet loading 





To insure a uniform gas flow, a 
point of test in a straight section of 
flue away from bends or other points 
of disturbance to gas flow was chosen. 
Due to the high turbulance caused 
by the induced draft fan and wide 
variation of dust loading through the 
cross section of the short ducts ahead 
of the collector, determining dust 
loading at the collector inlet was con- 





lest No / 


A. Sampler nozzle on stack 


/-Time of collection, t - /8min 


Temperature of sampler, Ts - 220F 


3- Temperature of gas, Tg- 200F 
4-Static pressure sampler - 
5-Collected in jor - 
6-Collected in bag “ 
?-Total collected, W . 
8-Equivalent volume aft 


/O- Actual cfm at 


V ais 


Y% Is ¥ 530 


Y= 9* S60, 113» (2 ASatm 


«fo 


//-Grain loading * Mor bag 


Dust trapped in collector 
/-Time of collection, 4 - #90" 


2-Weght of dust collected, W- 28126 'b 

3- Temperature of gas, Tg - +00f, 860 Ab» 

4-Volume of gas based on /D fan capacity-6», esto Se 
5-Volume corrected fo gas temperature (3) 


ato 
©@>, cee oT 


6-Cotch gram /oading 


Z2@.'25 « loco 
“xe % S3,000 
C. Collector efficiency 


O1B%6 Klee 


Eff * Sese to otes © 


680 Me» 
8eo 46> 


oOo 7 ” | 
0.296 grams 
0.010 grams 
0.3 06 grams ? 
70 F. 530 Abs (4), U -7O¢%m 
9-Volume corrected to temperature (2, 8) 4% -20¢%m 
temperature in the duct, V 


Osoge (5 45 
VY ‘a« ia @s 


$3, coe ctmat Zook 


2 © 193 @gr/e $F 


9o per cent 





Test No 2 


A. Sampler nozzle on stack 


Time of collection, t 
co Temperature of sampler, Ts - 245F, 
3-Temperature of gas, Tg 
4-Static pressure 
5-Collected in yar 
6-Coliected in bag - 
collected, W = 
volume of 
9-Volume corrected to temperature (2, 8) 
cfm of temperature in 


Tota/ 
8- Equivalent 


10- Actua/ 


Vg Is 


/ 9 * 


v 


° orergr/eh 


//-Gramn lading - 


(8S 

105 Mbs 
Ao> 
ove” “WJ 
0243 grom> 
grams 


goor, 8ea 


sampler - 


ooo 


oO 7ss gram? 


70 F, 530 Abs (4), V.- Tocte 


Vy 9 41¢ lm 


the duct, V 


V Gifs 


¥ 530 


Ceo (16 + (Ric fo 
70s 


W _* (543 _ 0.253« 43 


es. 5 


_ + Corb gr/coht 
FeV . 


Dust trapped in collector 


-Time of collection, ¢ - 
Weight of dust collected, W~ 26.313 /6 

Temperature of gas, Tg . doot, 860 4bs 

Vokume of gas based on /D fan capacity - 6», cee/ssef 
Volume corrected fo gas femperoture (3) 


P e 
G4 eee ~~ 


Cotch gran 


46 31/3 4 To 


1. « $4,60ce 


C. Collector 


Eff 


° 


co 


0.302% 41°° 
Oo 302 + 0. O'% 


Zon" 


» $3, 600 cfm of Aoor 


aang 


J 
O 302 gr /tv vf? 


efficiency 


95 per cent 
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sidered impractical. Method 3 was 
decided upon as the most accurate 
means of testing because of the small- 
est possibility of error in obtaining 
representative samples. Provision was 
made to retain and weigh the dust 
trapped by the collector during the 
period of the test and simultaneously 
sample the dust loading of the gas 
leaving the collector. The gas was 
sampled at a point in the stack just 
above the roof line where the velocity 
was fairly uniform. 

Gas sampling equipment used was a 
standard sampler, which contained the 
following parts: (1) sampling noz- 
zle, (2) glass jar receptacle for pre- 
cipitating major part of the dust, (3) 
filter bag on tube outlet to catch dust 
not precipitated in jar, (4) suction 
fan with butterfly valve at inlet to 
control velocity of gas through sam- 
pling nozzle, (5) inclined draft gage 
to indicate velocity through sampler, 
and (6) thermometer for temperature 
at sampler. 

This equipment extracts a certain 
volume of gas from the main gas 
stream. The dust content is precip- 
itated into a receptacle or filtered 
out by the bag. The receptacle and 
bag were weighed dry before and after 
the test so as to determine the exact 
amount of dust in the gas. The weight 
of the dust trapped during the run of 


the test, when reduced to grams avoir- 
dupois and divided by the total volume 
in cubic feet, represents the loading 
of the gas. 

“Fixed Point” traverse method was 
employed in sampling the gas through 
the cross sectional area of the stack. 
The nozzle was fixed in a stationary 
position at each sampling point for 
equal intervals of time during each 
test. The test apparatus was set and 
maintained at the predetermined mean 
velocity of the stack in order that the 
gas would be drawn through the 
sampling nozzle at approximately the 
same velocity as that of the pas pass- 
ing the nozzle in the stack. 

Tests 1, 2, 3, and 4 show the 
results obtained from four different 
test runs. 

Results indicate that the collector 
has a dust separation efficiency of 
approximately 92 per cent. These 
results are contingent on the follow- 
ing factors, which contribute to pos- 
sible sources of error and limitation 
in accuracy : 

(1) Due to variable rate of com- 
bustion in the furnace there 
was some variation in stack 
temperature and velocity with 
resultant change in condition 
for sampling. 

The heavier dust particles 
gradually bank off to the sides 


of the stack and fall by gravity 
to the bottom. Although some 
fly ash is ee in the 
base of the stack, the relative 
quantity is not appreciable (ap- 
proximately 9 cu ft during a 
two week period ). 

During the last three tests, a 55 gal 
drum was filled with the fly ash 
caught by the collector in a period of 
55 min. This represents a quantity of 
106.56 lb or about 7.3 cu ft that was 
formerly discharged to the mill yard 
and surrounding area. This fly ash 
separator has now been in operation 
for over six months and to date very 
satisfactory results have been experi- 
enced. The effect on the surrounding 
area is very apparent. The unit has 
had no maintenance problems. 

Of course, properly designed com- 
bustion equipment will greatly reduce 
any smoke or fly ash hazard and mini- 
mize the load on fly ash collectors. 
Careful study and the application of 
experienced engineering design on 
any intended installation of new 
modern steam generators must be 
made. The types of fuel the proposed 
units are required to burn must be 
anticipated. An intelligent applica- 
tion thus resuits in the minimum ex- 
penditures fo’ costly smoke and fly ash 
eliminators aad further reduces oper- 
ating ‘‘headaches’’. 





Jest No 3 


A Sampler nozzle on stack 
-Time of collection, t 


19.6™er 


Test No. 4 


A Sampler nozzle on stack 


-Time of collection, ¢ 


45 mn 


Temperature of sampler, Ts — 240f, 700 4%b> 
Temperature of gos, 7g ~ 400F, 860Hb> 

-Static pressure sampler - °.70 in.wg 

Collected in jor —- O275 guns 

-Collected in bag — acolo gran 

Tota! collected, W - 0285 gran? 

-~Equivalent volume at 70 F, 530 Abs (4), Vy -7octm 
Volume corrected to temperature (2, 8) Vz -3.26<'m “Volume corrected to temperature (7,48) Vs 
-Actua/ cfm at temperature in the duct, V Actual cfm at temperature in the duct, V 


id Cah Vv gifs 
i ¥ 530 % tt ¥ 530 


(7.06c°™ , Se. 3 
Y= 923° 2 


Temperature of sampler, Ts - 238%+©°8 a6 
Temperature of gas, Tg ~- 400f, S60Ae> 
-Static pressure sampler - 
Collected in yor 
-Collected in bag 

-Tota/ collected, W . 
-Equivalent volume’ af 70 F, 530 Abs (4), K% 


O?O.n. “9 
a.248 49°70" 
Oo 01° 970Mm5 


o2 s8& aren 
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Toctma 
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So 
SoOMNAWAGN~ 
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00 
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001 gfe 
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W * 1543 0.250015 43 
fe VY (45 


-Gramn loading = OP grfcu tl 


(1-Gramn loading 313.05" ‘ 


Dust trapped i collector 

/-Time of collection, 1- 20" 

2-Weght of dust collected, W- 30.313 6 

3-Temperature of gas, Tg - 400F, 8040 

4-Volume of gas based on /D fan capacity-©x 000%, 9" 
5-Volume corrected to gas temperature (3) 


Dust trapped in collector 
-Time of collection, ¢ ~ 13 aun 
Weight of dust collected, W- 2994 'b 
Temperature of gas, Tg - 400F, 860 Ab> 
“Volume of gas based on /D fan capacit 
~Volume corrected fo gas temperature (3) 


su 
@7000 tw 


GA 000 Beo . 53,6co <fm a JooFr Beo- 63. oe < fm af soos 
1010 


G3 ceo 


6-Cotch gram loading Catch gram /oadng 


30 313 * TOooo | 
zo *S$3,G00 


29 94 « Tox 


1S K54,60° 


0.198 gr/er ft O 2606 gr | Ft 


C. Collector efficiency Collector efficiency 


9Zper cent 


Eff = 0/98 * 100 


O.26/ 100 
198 FC.01T ci + 
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HEAT RATE CORRECTION FACTORS 


for Steam Turbines with varying Initial Pressure, 


Initial Temperature, or Back Pressure 


E. V. POLLARD, Section Engineer 
Turbine Engineering Division 
General Electric Company 


FIG. /—FLOW FUNCTION 
wip * 1135/Vpv 


UARANTEE steam conditions 

of steam turbines seldom agree 
with the actual operating conditions. 
Therefore, determining heat rates at 
the actual steam conditions is often an 
important consideration. This article 
provides means for finding heat rate 
correction factors for initial pressure, 
initial temperature, and back pressure. 
In addition, a composite performance 
curve for a turbine and condenser is 
developed in a readily understood man- 
ner with an example that can be trans- 
posed easily to any other turbine and 
condenser. Tables of correction factors 
for initial pressure, initial tempera- 
ture, and back pressure to be applied 
to the base nonextraction steam rates 
also are included. 

The following data assume steam 
rate, heat rate, and final feedwater 
temperature at each fraction of load 
are available at the guarantee steam 
conditions. If some of these data are 
missing, it may be worked up by meth- 


Flow function-vw/p 


4300 /400 


Initial enthalpy - Bru per lb 





PART 1 — DERIVATION OF HEAT RATE CORRECTION FACTORS FOR INITIAL PRESSURE OR INITIAL TEMPERATURE 


Note: Example Is for a 10,000 kw, 60 cycle turbine-generator designed for 600 psig, 825 F TT steam and 1.5 in. Hg absolute back pressure 
Line Symbol Source Description Temperature 


Given Load 4/4 4/4 4/4 

Given Base initial pressure and temperature 600 600 625 625 
Hy At2 Base Initial enthalpy, Btu per Ib 1420.9 : 1420.9 1420.9 

Fig. | at 3 Base initial w/p 49 

Given Base nonextraction steam rate, Ib per kwhr 8.48 

Fig. 5 Base “Equivalent Final Pressure’’ of feedwater, psic 125 

Até Base final enthalpy of feedwater, Btu per ib 

3 7 Base heat added in boiler, Btu per ib 

Given Heat rate at base condition, Btu per kwhr 


Pressure 


Select New initial pressure, psig; or temperature, deg F 


At 10 

Fig. | at 11 
At 10 
5x13 
4/12 
6x 13 x 18 
At 16 

W— 17 

18/8 

3x 19 

9 x 20 

21 X load/18 
At back pressure 
17 — 23 


Fig. 4 at 24 
22 « 25/100 
22 — 26 


New initial enthalpy, Btu per Ib 

New initia! w/p 

Steam rate correction factor 

New nonextraction steam rate, Ib per kwhr 
Inverse ratio of w/p 

New “Equivalent Final Pressure” of feedwoter, psio 
Final enthalpy of feedwater, Btu per ib 

Heat added in boiler, Btu per ib 

Direct ratio of heat added in boiler 

Heat rate correction factor 

Heat rate at new condition, Btu per kwhr 
Throttle flow with feedwater heating, Ib per hr 
Enthalpy of liquid, Btu per Ib 

Actual heat rise of feedwater, Btu per Ib 

Total extraction as per cent of throttle flow 
Total extraction flow, ib per hr 

Flow to condenser, Ib per hr 
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ods given in the article, “Calculation 
of Comparable Heat Rates of Steam 
Turbines’, INDUSTRY AND POW- 
ER, Dec. 1952, which includes an ex- 
planation of the empirical term 
“Equivalent Final Pressure’ of feed- 
water used in the calculations. 

Additional correction to the “Equiv- 
alent Final Pressure” of the ae 
water must be applied for Parts 1 and 
3. As this item is related to steam pres- 
sure in the heater, which is propor- 
tional to turbine shell pressure, any 
change in steam condition in the tur- 
bine will affect this pressure. 

In these methods, there is a change 
in initial enthalpy, and hence a change 
of enthalpy at the extraction point, 
when initial steam conditions vary. 
Since a means of correcting the pres- 
sure of a turbine stage when only 
initial enthalpy values are known is 
required, it is necessary to develop a 
pressure vs enthalpy expression. 

It is well known that the flow of 





PART 2 — DERIVATION OF HEAT RATE CORRECTION FACTORS FOR BACK PRESSURE 


c 
; 


Symbol Source 


Given 

Given 

Given 

Given 

Fig. 5 

Als 

2-6 
Given 

Select 

Al? 
4x10 

5 x 10 

At 12 

6— 13 
1+ (4/7) 
8 x 10 x 15 
10 x 15 
7+ 14 

1% X Load/18 
Al? 

13 — 20 
Fig. 4 ot 21 
19 « 22/100 
19 — 23 


Description 
load 
Initial enthalpy, Btu per Ib 
Base bock pressure, in. Hg absolute 
Base nonextraction steam rate, Ib per kwhr 
Base “Equivalent Final Pressure” of feedwater, psic 
Base final enthalpy of feedwater, Btu per ib 
Base heat added in boiler, Btu per ib 
Heat rate at base back pressure, Btu per kwhr 
New back pressure, in. Hg absolute 
Back pressure correction factor 
Nonextraction steam rate at new back pressure, ib per kwhr 
“Equivalent Final Pressure’ at new back pressure, psia 
Final enthalpy of feedwater at new back pressure, Btu per ib 
Extra heat added in boiler at new back pressure, Btu per ib 
Ratio of heat added in boiler 
Heat rate at new back pressure, Btu per kwhr 
Heat rate correction factor 
Heat added in the boiler, Btu per ib 
Throttle flow with feedwater heating, ib per hr 
Enthalpy of liquid at back pressure, Btu per ib 
Actual heat rise of feedwater, Btu per Ib 
Total extraction as per cent of throttle flow 
Total extraction flow, Ib per hr 
Fiow to condenser, Ib per hr 


H, 
SR, 
Pp 

br) 


HR, 


2eneuawne 


SR, 
bre 





steam tables will indicate that the vp Table 1 develops a comparison be- 


or 


superheated steam through a turbine 
nozzle is proportional to p/,/pv; 
where p is the initial steam pressure in 
psia, and v is the initial specific volume 
in cu ft per lb. A close approximation 
for nonrestricted flow of superheated 
steam through a nozzle is given by the 
equation w—1135 p//pv; where w 
is the flow in lb per hr per sq in. of 
nozzle area. An inspection of the 


varies over a relatively small range 
a large range of steam conditions; 
hence, if w is divided by p, the re- 
sultant will vary over a small range. 
Fig. 1 is a plot of w/p—1135/\/ pv 
vs initial enthalpy using data from 
‘Thermodynamic Properties of Steam’, 
1936 Edition, by Keenan and Keyes. 
From this curve, it is obvious that, at 
constant flow, initial pressure on the 
nozzle varies inversely as w/p. 


tween the ratio of w/p values at two 
initial conditions and the ratio of w/p 
values at a point in a turbine assuming 
constant turbine efficiency of 80 per 
cent for the expansion. From this tab- 
ulation, it is apparent that for a given 
change of initial temperature the ratio 
of the flow function w/p at initial en- 
thalpy values is essentially the same as 
the ratio at final enthalpy values. 
Therefore, it is not necessary to know 


FIG. 2—TURBINE AND CONDENSER PERFORMANCE 
10.000 kw-60 cycle -600 psig-825 F 
4 stages of feedwater heating 


( ON ME NSH ‘al 
104 A mT ) ke A c 
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Total extrachon as per cent of throttle flow 


200 


Ss = = «68 
= <¢ @ 


bs.) 
S 


‘Equivalent final pressure” of feedwater -psia 


300 


Heat rise of feedwoter-Btu per /b 


FIG.5—EQUIVALENT FINAL 


20 





PART 3 — HEAT RATE CORRECTED FOR PRESSURE, TEMPERATURE AND BACK PRESSURE 


line Symbol Source 


Given 
Given 
Hy At 2 
Fig. | at 3 
SR; Given 
Fig. 5 
hf Até 


3 

Given 

Given 
H, At 10 

Fig. | at 11 

At 10 

At 10 


7 


Fig. 4 at 25 
23 x 26/100 
23 — 27 


Description 


Load 

Base initial pressure, temperature, and back pressure 
Base initial enthalpy, Btu per Ib 

Base initial w/p 

Base nonextraction steam rate, Ib per kwhr 

Base “Equivalent Final Pressure” of feedwater, psia 
Base final enthalpy of feedwater, Btu per Ib 

Bose heat added in boiler, Btu per Ib 

Heat rate at base condition, Btu per kwhr 

New initial pressure, temperature and back pressure 
New initial enthalpy 

New initial w/p 

Steam rate correction factor for pressure 

Steam rate correction factor for temperature 
Steam rate correction factor for back pressure 
Combined steam rate correction factor 

Inverse ratio of w/p 

New “Equivalent Final Pressure’ of feedwater, psia 
Final enthalpy of feedwater, Btu per ib 

Heat added in boiler, Btu per Ib 

Direct ratio of heat added in boiler 

Corrected heat rate, Btu per kwhr 

Throttle flow with feedwater heating, Ib per hr 
Enthalpy of liquid at back pressure, Btu per Ib 
Actual heat rise of feedwater, Btu per ib 

Total extraction as per cent of throttle flow 

Total extraction flow, Ib per hr 

Flow to condenser, Ib per hr 








TABLE 1 — COMPARISON BETWEEN INITIAL AND FINAL w/p VALUES 


Initial and final pressures 


Initial temperature, deg F 
Theoretical steam vate, Ib per kwhr 
Initial enthalpy, Btu per Ib 

Used energy, Btu per Ib 

Final enthalpy, Btu per ib 

Initial w/p, Fig. 1 

Final w/p, Fig. | 

Ratio of Initial w/p 

Ratio of final w/p 


600 psig — 50 psig 
Base 


625 900 750 
14.31 19.44 
1420.9 
190.8 204.0 140.5 
1230.1 
a9 40.5 
50.9 49.2 50.4 
1.00 1.036 
1.00 


600 psig — 100 psig 





TABLE 2 — STEAM RATE CORRECTION FACTORS FOR INITIAL PRESSURE 
WITH CONSTANT INITIAL TEMPERATURE 


Design initial pressure, psig 
Differential pressure 
Correction factor 


2000 kw to 15,000 kw 


400 500 


10% +10% 10% + 10% 50 Ib 


1,005 0.995 1.004 0.9% 1.002 


600 and Above 
+50 Ib 


0.998 





76 


Wypico! curve-specific data. applies 
only to problem in this artick 


40 60 80 /00 120 /40 
Per cent rated kad 


stage enthalpy when correcting stage 
pressure with constant flow to the 
following stage. Hence, stage pressure 
varies inversely as the initial w/p, and 
this value is readily determined from 
Fig. 1 at the initial enthalpy. This pro- 
cedure is used in Parts 1 and 3. 

Part 2, ‘Derivation of Heat Rate 
Correction Factors for Back Pressure’, 
is expanded to include throttle flow 
and condenser flows corresponding 
with the new heat rates. Lines 9 to 24 
are repeated for each back pressure. 

When turbine-generator heat rates 
and condenser flows at different back 
pressures are available, the | coool 
ance of the turbine and condenser as 
a unit can be estimated. Condenser 
performance can be estimated quickly 
if only two items are known, namely: 
(a) circulating water inlet tempera- 
ture, and (b) condenser pressure at a 
given value of steam condensed. 

On a curve with steam condensed 
as the ordinate and saturation tempera- 
ture of steam in the condenser as the 
abscissa, Fig. 2, plot the circulating 
water inlet temperature at zero steam 
condensed. Then at the given quantity 
of steam condensed, (say at 4/4 load 
at the base back pressure), plot the 
saturation temperature corresponding 
to the given base back pressure. Draw 
a straight line through these two 
points. This line is a close approxima- 
tion to the condenser characteristic 
with variation in quantity of steam 
condensed, except at low flows. In the 
latter region, the actual performance 
curve will diverge from the straight 
line, as some temperature head must 
be available for heat transfer. Con- 
denser performance at other circulat- 
ing water temperatures can be esti- 
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TABLE 3—STEAM RATE CORRECTION FACTORS FOR TEMPERATURE 


2000 kw te 15,000 kw 
Design initial pressure, psig 


Temperature change, deg F 
Design initial superheat, deg F 
0 


+25 


0.974 
2 0.975 
50 
100 
150 


se858885! + 
S888888 


S888 


| 
R_ 
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TABLE 4—STEAM RATE CORRECTION FACTORS FOR BACK PRESSURE 


2000 kw to 15,000 kw 


To determine steam rates for operation at a back pressure other then 
design back pressure, multiply straight condensing steam rotes at 


design back pressure by factors Iisted below, interpolating if necessory 


o 
a 


Rated load 
steam rete load 
8 

2/4 
3/4 
4/4 
5/4 
1/4 


S8S8R88! 


oO 
= 
oO 





2/4 
3/4 


EXAMPLE OF PART 2 FOR A 10,000 KW, 60 CYCLE TURBINE-GENERATOR 4/4 


600 psig—825 F 


a“ 
=< 


Source 


Given 
Given 


2500 5000 
1420.9 1420.9 
Ss is 
10.37 9.01 
31.25 62.5 
221.2 264.8 
1199.7 1156.1 
13,030 11,190 
1.0 
0.9618 
9.97 
30.1 
2186.9 
2.3 
1.002 
12,560 
0.964 
1202.0 
16 X Load/18 26,100 
Al? 47.1 
13 20 171.8 
Fig. 4 at 21 16.2 
19 = 22/100 4200 
Lhd 23 21,900 
Select 2.0 
At? 1.043 
4x 10 10.82 
5 x 10 324 
At 12 223.6 
6 13 —2.4 
1 + (14/7) 0.998 
8 x 10 x 15 13,570 
10 x 15 1.041 
7+ 14 1197.3 
16 = Load/18 28,400 
At? 69.1 
13 — 20 154.5 
Fig. 4 ot 21 147 
19 x 22/100 4200 
19 — 23 24,200 


Seaucuaun~ 5 


Numerical values 


7500 10,000 


1.5 In. Hg absolute design beck pressure 
Operating back pressure, in. Hg absolute 
0.50 1.0 1.28 1,80 1.78 2.0 2.5 
0.931 0.963 0.98) 1.021 1.041 
0.9! 0.972 0.986 1.018 1.035 
0.966 0.981 0.990 1.015 1.03! 
0.981 0.990 0.995 1.014 1.028 
0.985 0.991 0.996 1.013 1.026 
0.9279 0.958 0.978 1.025 1.049 
0.950 0.970 0.984 1.020 1.039 
0.964 0.979 0.989 1.017 1.034 
0.975 0.986 0.993 1.015 1.030 
0.980 0.988 0.994 1.014 1.028 


2.0 in. Hg absolute design back pressure 
Operating back pressure, in. Hg absolute 
1.0 1.5 10.75 2.00 2.25 2.5 3.0 

0.941 0.970 0.985 1.000 1017 1033 1.064 
0.956 0.977 0.988 1000 1.014 1.028 
0%8 0.983 0.99) 1.000 1.013 1.025 
0.977 0.968 1 1.011 1.022 
0.981 0.990 1 1.010 1.020 
0.930 0.964 1 1.020 «61.040 
0.946 60.972 ! 1016 1.032 
1 
! 
! 


3 
Z22E 


ee ee 
~“—— «= 
oO 
J 
La 


rs $ 


0.958 0.978 1.014 1.028 
0.965 0.981 1.012 1.024 
0.971 «0.985 1.012 1.023 


2.5 in. Hg absolute design back pressure 
Operating back pressure, in. Hg absolute 
1.0 1.5 2.0 2.5 3.0 3.5 

0.925 0.949 0.975 1.028 

0.943 0.959 0.979 1.024 

0.958 0.970 0.985 1.020 

0.967 0.976 0.987 1.019 

0.971 0.979 0.989 1.018 

0.912 0.941 0.97) 1.034 

0.934 0.955 0.977 1.027 

0.949 0.964 0.982 1.023 

0.960 0.971 0.985 1.022 

0.966 0.975 0.987 1.022 


3.0 in, Hg absolute design back pressure 

Operating back pressure, in. Hg absolute 
1.0 2.0 2.5 3.0 3.5 

09719 0.959 0.979 1.025 

0.937 0.966 1.021 

0.954 0.974 1.018 

0.966 0.979 1.016 

0.972 0.982 1.016 

0.897 0.948 1.031 

0.924 0.960 1.024 

0.942 0.968 1.022 

0.958 0.976 1.021 

0.964 0.979 1.021 


2828888328 


8385883383 





mated by drawing straight lines from 
the new temperatures at zero steam 
condensed and parallel to the original 
curve, See Fig. 2. 

Data from the turbine heat rate cal- 
culation at variant back pressure may 
now be plotted on the condenser per- 
formance curve. For example, at 4/4 
load plot flow to condenser against 
saturation temperature corresponding 
to its back pressure for each 4/4 load 
point. Then the intersection of a curve 
through these points and a line of con- 
stant circulating water temperature 
indicates saturation temperature of the 
steam in the condenser. This value is 
convertible to back pressure by means 
of auxiliary curve, which simultaneous- 
ly satisfies both turbine and condenser 
data at this load. Similar curves and de- 
rived information can be worked up 


for other generator loads, thereby 
showing turbine-condenser relationship 
at any circulating water temperature. 

Throttle flow corresponding to any 
selected steam flow to the condenser 
from Fig. 2 can be found from Fig. 3, 
which is a plot of data accumulated in 
the back pressure correction calcula- 
tion. For each load, plot condenser 
flow vs throttle flow for the different 
back pressures. The proper load curve 
can be entered at the condenser flow 
found from Fig. 2 to obtain the cor- 
responding flow to throttle. 

This is particularly useful when es- 
timating maximum flow required from 
the boiler at maximum turbine output. 
For instance, at the highest expected 
circulating water temperature, iow a 
line parallel to the base circulating 
water temperature line on Fig. 2. The 
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intersection of this line with the maxi 
mum load line for the turbine gives 
condenser flow, and at this value read 
the maximum throttle flow on Fig. 3 

Some generalizations regarding heat 
rate and steam rate can be made from 
an inspection of the figures in the at 
tached examples. These are 

1. Change of initial pressure 
Change in heat rate is greater than the 
change in steam rate, although both 
changes are relatively small. 

2. Change of initial temperature. 
Change in heat rate is less than one- 
half the change in steam rate 

3. Change of back pressure 
Change in heat rate ts slightly less 
than the change in steam rate. 

No example is included for Part 3 as 
it is a combination of Parts 1 and 2 
and its use should be apparent 





EVERAL steam recirculation sys 
S tems can be utilized by engineers 
dealing with manufacturing processes. 
Principal applications are plastic 
presses or other machines having hori- 
zontal heating surfaces where gravity 
condensate movement is apt to be 
sluggish. In some instances, small di 
ameter steam heated rollers or cyl 
inders might lend themselves to the 
use of steam recirculation. This article 
details basic considerations for practi 
cal application of steam recirculated by 
means of special nozzles 


Heat Transfer 


When steam is used as a_ heating 
medium in closed surfaces, the rate of 
heat input to the material being heated 
ys partially on keeping the sur 
face in contact with the material at a 
temperature as near as possible to that 
of the steam. In other words, the tem 


STEAM RECIRCULATION 


Heat transfer efficiency for installations using steam as the 
heating medium in closed surfaces frequently can be improved 
by utilizing recirculation. This article presents basic factors 
for the practical application of steam recirculation systems 


LEO WALTER, Consulting Engineer 


perature difference between the steam 
and the outside of the heating surface 
should be as low as possible. To ac- 
complish this, the heat from the 
steam must pass through any heat flow 
resisting films of condensate and air, 
then through the metal wall. The metal 
wall of the steam space is a good con- 
ductor of heat, but air and condensate 


are poor conductors and seriously re- 
tard heat flow. 


Effect of Flow Pattern 


To obtain minimum temperature 
drop, it is obvious that air and conden- 
sate films must be reduced to the mini- 
mum thickness or in some way induced 
to conduct heat more rapidly than they 


Photo shows part of a typical steam circulation system serving a piece dryer in a textile 
plant, This installation increased output by raising the air temperature from 240 to 290 F 
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normally would if stagnant. When 
steam is flowing over a heated surface, 
it tends to drag the surface of the con- 
densate film along with it. Thus, if 
steam and condensate are flowing in 
the same direction, condensate is help- 
ed along towards the outlet and the 
average film thickness is reduced. This 
helps to improve heat transfer. Veloci- 
ties of both steam and condensate are 
therefore very important, but another 
factor that is also very important is the 
way condensate and air films flow over 
the heated surface. 

When fluids such as steam, air or 
water are flowing in pipes or across 
plane surfaces, flow may be quite 
smooth if the velocity is low, or rough 
and disturbed if the velocity is high 
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Fig. I1—Example of streamline flow 





The smooth kind is referred to as 
“streamline flow’ while the rough 
type is called “turbulent flow.’ The 
speed at which a change from stream- 
line to turbulent flow occurs depends 
on the nature of the fluid and its depth, 
but for a given fluid at a given temper- 
ature, pressure and depth, the change 
occurs at a certain velocity. 


Streamline Flow 


Fig. 1 shows a heating surface A 
that may be the wall of a pipe through 
which steam B is flowing slowly and 
condensing. Condensate C flows in the 
same direction and mixes with air to 
form an air-condensate film, which 
resists heat flow from steam B to the 
heated wall A. As movement of the 
air-condensate film is slow (stream- 
line), the particles tend to follow 
straight lines and heat absorbed by the 
layer nearest the steam does not mix 
much with the other particles. Heat 
must, therefore, be passed from patti- 
cle to particle across the fluid stream. 
Since the fluid stream is a poor conduc- 
tor, the process is comparatively slow 
and depends on drop in temperature. 


Turbulent Flow 


If the speed of the steam B is in- 
creased, flow rate of the air-condensate 
film will also increase. When the film 
speed reaches a velocity where flow 


becomes turbulent as shown in Fig. 2, 
the air-condensate particles mix up 
rapidly as they flow along. A particle 
may absorb heat from the steam and 
a moment later be swept to the heated 
wall to give up its heat rapidly. Of 
course, heat is carried by conduction 
but the mechanical movement of the 
fluid in a turbulent flow stream im- 
proves heat transfer rate. This is one 
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Fig. 2—Example of turbulent flow 








has condensed, and velocity is reduced 
to 12 fps. At E, the end of the pipe 
immediately before steam trap F, all 
the steam will have condensed so veloc- 
ity will be zero. Thus mean steam 
velocity in this pipe at the assumed 
operating conditions is 12 fps 


Effect of Increased Velocity 


Now assume the trap by-pass valve 
G is opened and steam is discharged 
at the rate of 500 Ib per hr. Then at 
point C there will be 500 Ib per hr 
passing into the pipe to be condensed 
plus 500 Ib per hr which will pass 
through the pipe and by-pass to waste, 
making 1000 Ib per hr total. This vol- 
ume will increase the velocity at C to 
48 fps. At D one half of 500 lb per 
hr will have condensed, leaving 750 
Ib per hr passing this point at a veloc- 
ity of 36 fps. At point E, 500 lb of 
steam per hr will have condensed, but 
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Fig. 3—Typical arrangement of simple steam pipe for process heating application 


reason why heat transfer through ver- 
tical steam heated surfaces is greater 
than that through horizontal surfaces, 
and why it helps to keep steam and 
condensate flowing in one direction. 

Many steam plant operators say 
that by opening the by-pass around a 
steam trap they are able to increase out- 
ws Although in many cases this is 
argely imagination, it can well be un- 
derstood that if blowing steam to waste 
through the by-pass increases steam 
velocity sufficiently then the effect 
previously described will be achieved. 
For example, assume the steam line 
shown in Fig. 3 is two inches in 
diameter and 100 ft long. Steam is 
admitted from the main A at 120 psig 
through valve B to the pipe inlet C, at 
which point pressure has dropped to 
100 psig due to friction in valve B. 
Since one pound of steam at 100 psig 
pressure occupies 3.8 cu ft, if steam 
consumption is 500 Ib per hr the vol- 
ume passing section C will be 500 x 3.8 
==1900 cu ft per hr. This means that 
steam velocity through the 2 in. pipe at 
C is 24 fps. By the time the steam 
reaches point D, one half of the steam 
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Fig. 4—Principle of thermo compression 


500 Ib per hr will be passing to waste 
and velocity will be 24 fps instead of 
zero. Mean velocity in the pipe as a 
result of passing twice the quantity of 
steam into it will therefore be trebled, 
increasing from 12 to 36 fps. With a 
velocity increase of this magnitude, it 
is more than probable that the air-con- 
densate flow pattern will change from 
streamline to turbulent, especially if 


the pipe has appreciable length. 
Steam Circulation 


Primarily, the object of steam circu 
lation is to give maximum possible 


79 





velocity through the steam space while 
eliminating the waste that occurs with 
open by-pass valves. Simply increasing 
the steam velocity, however, does not 
necessarily increase the rate of heat 
transfer. It is important that the in- 
creased velocity must take effect on the 
air-condensate film at the heated sur- 
face and this can only be done satis- 
factorily if heating surfaces of compar- 
atively small area are used. 


Function of Circulators 


Referring again to Fig. 3, the reason 
why steam flows from point C to point 
E is that, due to condensation, the 
pressure at E is slightly lower than at 
C. Fluids will always flow from a 
region at one pressure to another at a 
lower pressure. Since steam flow veloc- 
ity depends on the difference in pres- 
sure, the pressure differential must be 
increased if higher velocity is desired. 
If this effect is to be produced by pass- 
ing excess steam through the pipe from 
C to E and then reintroducing it at C, 
there must be some means of increasing 
the pressure of the steam as it leaves 
point E so that re-entry at point C is 
— This is the function of circu- 
ators, or as they are sometimes called, 
“thermo-compressors”’ or ‘‘ejectors.”” 

In Fig. 3, the line pressure shown at 
A is 120 psig and the pressure at the 
pipe inlet C is 100 psig, the drop of 
20 psig being due to throttling in 


valve B. This throttling represents a 
certain amount of wasted energy, and 
it is this energy which is used in the 


circulator to compress excess steam 
taken from the outlet for reintroduc- 
tion at the inlet. 

Operation of Circulators 

Fig. 4 shows a diagrammatic section 
of a steam ejector or thermo-compressor 
where steam at say 120 psig pressure 
enters at H and passes through noz- 
zle J into combining cone K which is 
assumed to be at a pressure of 99 psig. 
The effect of passing the steam through 
the nozzle J into the lower pressure 
region at K is to increase its velocity 
considerably so that while the same 
weight of steam is passing through J 
in a given time as through the larger 
pipe H, its speed is much greater at 
J than at H. 

Inlet L is connected to the outlet 
from the steam space, which in the 
case of Fig. 3 is at E. Particles of 
steam that have passed through the 
pipe enter at L and as soon as they 
reach the combining cone K they are 
immediately struck by high speed 
particles of fresh steam, This increases 
the speed of the excess steam particles 
and decreases the velocity of the live 
steam particles. Immediately after 
passing through the throat K, the pipe 


section is enlarged so that the com- 
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bined excess and makeup steam can 
spread as well as move forward, there- 
by reducing the speed of the mixture. 
As speed is reduced, pressure begins 
to build up, and the greater the pres- 
sure differential between point H and 
nozzle outlet J the faster will the 
makeup steam move and the more 
violently will its particles strike the 
— of excess steam returning to 

recompressed. Obviously, if there 
is no difference in pressure between 
H and K then there will be no in- 
crease in velocity and there can be 


O will correct any pressure difference 
by controlling supply pressure to cir- 
culator P. 


Steam Space Construction 


The internal construction of the 
steam space actually determines the 
effectiveness of increased steam veloci- 
ty at the heated surface. For example, 
if two simple pipe heaters are supplied 
with steam at the same pressure and 
have the same heating surface, steam 
consumption will be identical for both 
units even though one is constructed 
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Fig. 5—Schematic diagram of recirculation system applied to steam heating coil 


no recompression. Therefore, one es- 
sential of a circulating system is that 
there must be some drop in pressure 
between supply line and steam space. 


Pressure Required 


Generally, a pressure of not less 
than 10 to 20 psig is required. If 
the pressure drop is less than this, the 
quantity of steam circulated will be 
small, and if the pressure drop is very 
great, complications may arise in mak- 
ing the steam nozzle small enough 
for the load. While efficient circulator 
operation depends on the design of the 
ejector itself, one even more important 
factor is to make sure that the job to 
which it is applied is suitable for 
utilization of recirculation. 


System Arrangement 

Fig. 5 illustrates a complete circu- 
lating system. Steam from main M 
passes through a stop valve N and 
reducing valve O into circulator P. 
From P it flows through heating sur- 
face Q into separator R at which 
point steam is recirculated to P through 
pipe S. Condensate is discharged from 
the separator by steam trap T. The 
reducing valve O is not absolutely 
necessary and, if used, should be of 
the relay type with the relay connection 
taken from steam space Q. Then when 
the load at Q varies, reducing valve 


of 2 in. pipe and the other of 6 in. 
pipe. But, due to the greater cross- 
sectional area of the 6 in. pipe, mean 
steam velocity will be nine times as 
great in the 2 in. pipe as in the 6 in. 
pipe. With this condition, it is ob- 
vious that if the velocity in both pipes 
were increased by the same amount, the 
effect of steam flow on speed near the 
heating surface would be much less in 
the 6 in. pipe than in the 2 in. pipe. 
Carrying this concept still further and 
thinking in terms of a 5 ft diam 
cylinder, it can be seen that velocity 
across the cylinder from inlet to out- 
let could be increased considerably 
without having the slightest effect on 
steam speed near to the heated surface. 
Thus, when steam circulation is being 
considered, it is extremely important 
to find out what the internal con- 
struction of the steam space is like. 


System Resistance 

An important factor when design- 
ing a steam circulating system is the 
size, length and number of obstruc- 
tions in the connecting piping between 
the excess steam outlet from the steam 
space and the recompressed steam in- 
let. Units constructed of long small 
bore pipes with numerous bends or 
fittings have high resistance to steam 
flow. Since pressure drop in a pipe 
line increases as the square of the 
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Fig. 6—Recirculation system installed on the heating coils of a textile dryer 


velocity, when velocity is doubled the 
pressure drop increases four times, and 
the loss must be made up by work 
done in the steam circulator. This 
imposes unnecessary load on the cir- 
culator as its real function is to over- 
come only the frictional loss in the 
steam space where the useful effect 
of increased velocity is needed. 


Individual Circulation 

Steam circulation across a group 
of steam heated machines or sections 
of machines may reduce but will not 
eliminate the adverse effects of group 
trapping. The probability of short 
circuiting steam through a machine or 
section which offers less resistance to 
steam flow than the rest still remains. 
This fact makes individual steam re- 
circulation advantageous. Some man- 
ufacturers ignore this completely and 
offer group steam circulation for, say, 
a complete 8 roll ironer in a laundry, 
or for multicylinder textile dryers. It 
is safe to say, however, that steam cir- 
culation should be applied to each sec- 
tion of a multisection machine in the 
same manner traps are utilized. Of 
course, there may be exceptions where 
the cost of individual circulation on 
each section of some machine would 
not be justified. The technical princi- 
ple remains sound, however, and. on 
such applications proper engineering 
must be evaluated against the cost. 
In the examples which follow it will 
be seen how some steam spaces lend 
themselves immediately to steam cir- 
culation, others require modifications, 
and some are not suitable. 


Suitable Applications 

Many steam heated machines are 
constructed of pipes or have internal 
passages resembling steam pipes. Ex- 
amples are textile tentering and car- 
bonizing machines as shown in Fig. 6, 
heated presses, tray dryers, and still 
heating coils. Because the tubes are 


horizontal and sometimes of consider- 
able length, often condensate does not 
flow readily by gravity to the discharge 
connection at the trap. On such ma- 
chines, increasing the steam velocity 
tends to sweep both condensate and 
air towards the outlet. 


Series Steam Connections 

Fig. 7 shows a plastic press with 
series steam connections on the platens, 
which consist of steel plates with steam 
passages drilled in them. Steam flows 
through the platens to a flash vessel, 
which allows accumulation of conden- 
sate that is drained by a steam trap 
Flash steam and excess steam that has 
not been condensed is drawn into the 
circulation nozzle. Live steam enters 
through the reducing valve A, which 
has an impulse line connected to the 
mixed steam section. 


Parallel Steam Connections 

Steam flow in the plastic press 
shown in Fig. 8 is in parallel through 
the platens, and recirculation is taken 
from the top of the outlet header. 
In this case, mixed steam enters the 
press via the inlet header. It is im- 
portant to trap both headers as shown. 

In general, the success of steam Cir- 
culation systems in reducing insulat- 
ing effects of stagnant condensate-air 
films on condensing surfaces and there- 
by considerably increasing efficiency of 
heat transfer from the steam, depends 
largely on the shape and volume of 
the steam space in relation to the 
velocity of the steam feeding it. Usu- 
ally, these systems are excellent for 
applications where the cross-sectional 
area of the steam space is comparable 
with the cross-sectional area of the 
steam inlet. Much of their useful 
effect is lost, however, where the steam 
space is of much larger area than the 
inlet: for example, in a drying cyl- 
inder or similar application. 

One point that should be clearly 
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Fig. 7—Steam recirculation on plastic 
press with series platen connections 
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Fig. 8—Steam recirculation on plastic 
press with parallel platen connections 


understood is the method of employ- 
ing steam circulation systems on a 
group of units or several parts of one 
unit. If the units or separate steam 
spaces are in series, steam circulation 
generally can be applied successfully: 
for example, in many kinds of plastic 
presses. In such cases, the area of the 
steam space is unaffected. 

If the units are connected in par- 
allel there may be difficulties. When 
steam spaces are paralleled, the cross- 
sectional area increases accordingly and 
may then be much greater than the 
steam inlet area itself. In such cases, 
there is a danger that individual con- 
trol of each unit may be lost. Parallel 
installations usually have either con- 
stant circulation and no control, or 
control and no constant circulation. 
Circulated steam will always take the 
easiest way, and with such parallel 
arrangements, it is possible thet the 
difficulties associated with group trap- 
ping could arise and nullify any pos- 
sible advantage of steam circulation 
To be entirely effective on parallel 
groups of units the system must, in the 
majority of cases, be applied to each 
unit of a group so that there is both 
constant circulation and individual 
control of the operation of each unit 
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TABLE 1—CAPACITIES OF TWO ROLL CRUSHERS, TON PER HOUR 


Size of product 


Screen or Cube 


in. 
! 
"% 
1% 
2 
2% 
A 
4 


5 
Rpm of roll 
Motor hp 


Size of crusher, in. 
20 = 24 26 x 24 


26 x 30 


Grade of coal and maximum size of lumps, in. 


Soft Hoard Med. 
10 12 14 16 


60 65 80 
70 75 90 
80 85 100 
110 105 125 


140 140 170 


Heard Med. 


12 14 


65 80 
75 bi] 
90 105 
105 135 


140 
175 





COAL CRUSHERS... Types and Classifications 


dpe coal crushing require- 
ments are satisfied by a double 
roll or a single roll crusher. Either 
will reduce lump coal to a product, 
which may be called 3/4 x 0-in. or if 
need be, down to 1/, x 0-in, The two- 
roll machine cracks the lumps between 
toothed rolls. The single roll pinches 
the coal between a toothed roll and an 
adjustable plate. When desirable to 
have a uniform product-size with the 
minimum of undersize, the former 
would seem to be better, but actual 
tests have shown there is little dif- 
ference between the two. The double 
roll crusher has the advantage of di- 
gesting large lumps, which cannot be 
gripped by a single roll. An advantage 
of the single roll crusher is that ad- 
justments may be made while running, 


© Four major types of coal crushers are compared 
® Limitations and advantages of each are given 
® Tables illustrate capacities and horsepower ratings 


WILBUR G. HUDSON, Consultant 


simply by changing the clearance be- 
tween the fixed plate and the roll. 
However, some of the double roll 
crushers are now available that permit 
easy adjustment of rolls to change the 
coal size. 


Low Speed Breakers 


A more costly unit is the Bradford 
breaker. It is a slow speed (25 rpm 


or less), rugged machine with re- 
markably low upkeep cost and low 

wer requirement per ton per hour. 
ssentially it is a squirrel cage with 
circumferential perforated plates 
through which the undersize passes, 
and with internal deflector shelves, 
which lift and drop the oversize as 
the mass drifts toward the far end. Of 
prime importance is that the breaker 


—Spur-geor drive 


Breaker— 
Hammermi// 


Motor. 


Refuse discharge 


—Crushed-coa/ discharge——_ 


Breaker hammermill is mounted concentrically on the dis- 
charge end spider, which has an extended hub with two 


anti-friction bearings forming a quill for the shaft. 
Breaker turns at 25 rpm, while motor speed is 720 rpm 
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TABLE 1— CAPACITIES OF TWO ROLL CRUSHERS, TON PER HOUR 


30 «x 30 


Size of crusher, in. 


30 x 36 30 « 48 


Grade of coal and maximum size of lumps, in. 


Herd Med. 
14 16 


70 90 
80 100 
bi] 5 
120 so 


150 195 
195 240 
230 280 
280 355 


15 
20 


Herd Med. 


14 16 


80 
100 
1S 
145 


185 
235 
275 
340 





will cull out rags, wire, straw, and 
tramp iron, something the roll crushers 
cannot do. The breaker is not so 
good when there are frequent size 
changes since all the plates must be 
changed. 

When the coal is very hard, with 
lumps that will not fracture by the 
drop from the lifting shelves, a ham- 
mermill is mounted in the far end of 
the cage. This combination permits 
the use of a smaller diameter breaker 
for a given capacity. The hammermill 
is specified for a product smaller than 
can be secured by the roll crushers or 
breaker. Essentially it is a high speed 
unit with some form of slugger ham- 
mers attached to a rotor that shatters 


or grinds the coal against a bar-screen 
cage. 
Spacing of the bars determines the 


P uct, specifically, the maximum 
ump. Usually a trap or 

out material that cannot shattered 
by impact. Straw, hay, and similar 
materials are ground up. When coal is 
to be passed on to pulverizers, as with 
pulverized fueled boilers, the hammer- 
mill has the advantage that it will 
produce a product best suited to final 


reduction. 


ket culls 


ee 


lg heavy duty roll crushers 
should have large diameter, short rolls. 
The crusher is more liable to damage 


than other elements of a material 
handling system and should be located 
so that repairs can be made readily. 
That some oversize will be found in 
the output of roll crushers is to be 
ommel, so a fair specification is that 
not more than 10 per cent shall be 
oversize. 

Crushed coal is expressed in terms 
of the size of screen through which 
it will pass, thus minus 4 im. means 
it will pass through a 4 in. screen. 
4-in. x 2-in. gives the maximum and 
minimum size of the product. Stating 
whether a reference is to lump size 
or the screen through which it will 
pass is necessary. Thus, a 1 in. cube is 
equivalent to 11/, in. ring size; a 





TABLE 2—CAPACITIES OF SINGLE ROLL CRUSHERS, TON PER HOUR 


Size of product 24 = 24 


Screen or 


ring, in. Cube in. 14 


10 
30 
15 


% % 


8s xwesssr se 


RANGS SB 


5 


6 4 


Bans FRRSAR Sesrnea|s se 


RERARSS SKRSSSR SBBaRS SZ 


# 5S 


Minimum size of 
motor, hp 


= 


Rpm of roll 100 


24 =x 30 


1% 


ZR ESEA SSRR RA RSS SR 


Size of crusher, 


24x 3% 30 x 24 


30 x 30 


Grade of coal and maximum size of lumps, in. 


Hard Med . -y Hard Med Soft Hard Med Soft Heard Med -y Herd Med Soft Hard Med Soft Herd Med Soft 
2 


18 14 1% 18 16 18 


4 
105 


55 
125 
60 
140 
70 
160 
105 


x sssaues 


s8 saxeess 
& 8s sa ne 


8s xwesxss B 


Rex8 


& sese us SH a8 8s 


2 En 3x 


235 
130 
265 
140 
285 
$5 
45 


a8 
RR Bn F 


o 
rd 


Mar 
100 


22 24 
“6 50 
%S 135 
50 60 

155 
60 7% 
128 175 
%S 100 
10 = 200 
90 130 
195 


22 24 
55 7 
5 165 
5 80 
130 18s 
75 7 
1500 210 


9 #86120 
1% 8628 


24 
65 6s 
135 190 


7% bi) 
155 = 215 
6 105 
175 245 
140 
780 


180 
360 
205 


3% 8 
ZS RR 


28283 SS 


230 


130 
270 


Se Sshsss se8 


228 
130 
265 


145 
290 


300 
160 
350 


200 
395 


1s0 


220 «1295 


120 
240 
130 
255 


235 
330 465 
175 

305 
200 
350 


425 500 
275 


600 


190 


295 430 


20 2 


Mar 
75 
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31/, in. lump to a 5 in, ring size. 


Selection Capacities 


In selecting a crusher for a specified 
duty, the capacities shown in Tables 
1 and 2 are for mine-run coal. When 
the undersize is screened out ahead of 
the crusher, the capacity is less. Should 
a crusher be fed with 70 tph of coal 
from which 60 per cent has been 
screened out as undersize, the crusher 
does work on 46 ton of lump. When 
the feed is 140 tph of coal from which 
66 per cent has been screened out as 
undersize, the crusher has the same 
job—to crush 46 ton of lump. This 
explains, for example, why a 30 x 42 
in. single roll crusher, Table 2, crush- 
ing hard bituminous to 2 in. ring size 
is listed as having a capacity of 70- 
140 tph. 

The tables specify the maximum 
size of lumps the crusher can digest. 
This may lead to the purchase of a 
crusher larger and more costly than 
necessary if the maximum lump should 
be rare, and can without undue trouble 
be cracked up with a sledge. 

Roll crushers are subjected to sud- 
den severe shock as when a piece of 
tramp iron or wood enters with the 
feed. Shear pin protection is usual, 
but when a crusher or hammermill 
is not direct-driven, the flexible V-belt 
drive is better than the rigid chain 
drive. This reduces the shock on the 
crusher and motor. The fluid clutch 
has possibilities. 

Bradford breakers are not subjected 
to shock but may overload—more ma- 
terial passing in than the cylinder can 
clear. This contingency is taken care 
of by an electric eye. The beam is 
directed from outside, through the 
cylinder, operating 2 time-limit relay 
connected with the feeder motor cut- 
out on the opposite side. Should the 
beam be cut UF for an abnormal inter- 
val, the feeder stops until the cage 
has cleared. When desirable, the re- 
start can be automatic. 


Double roll crush- 
er is arranged so 
product size can 
be made while the 
unit is operating 


a 


Sectional view of 
@ hammermill shows 
adjustable grind- 
ing plate, trap on 
right, and also the 
ring type hammers 


& 


This breaker ham- 
mermill has a ca- 
pacity of 350 tph of 
mine-run coal to 
1%a-in. ring size 
with 75 per cent 
of the product 
Y% in. and under 


Hammermi// 
40 hp mofor, 
V-be/t 
drive / 


Breaker 
60 hp motor 
speed 
reducer 
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symmetrical about this line 





TABLE 3— BREAKER CAPACITIES TABLE 4 — CAPACITIES OF HAMMERMILLS, TON PER HOUR 


Size of breaker, ft 


éby8 
6 by I! 
7by8 


7 byl! 
7 by I4 
9by 1) 


9 by 14 
9% by 17 
12 by Il 


12 by 14 
12 by 17 
12 by 19 
12 by 22 


Approximate ton per hour 


30-60 
40-70 
35-65 


45-85 
55-100 
80-150 


100-190 
120-230 
130-240 


160-300 
190-360 
220-420 
250-480 


Approximate capacities 


1a In. 1 in. % in. 
50-65 
70-80 
130-140 


175-200 
225-250 
300-325 


350-375 
390-420 
425-450 


35-40 
50-55 
80-100 


130-150 
175-200 
275-300 
300-325 
325-340 
350-375 
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Management and Engineer View 
Dust, Corrosion and 


ELECTRICAL DISTRIBUTION 


Part 2 shows how a chemical plant overcame minimum standard performance in a 


system less than five years old but installed during equipment shortages. In this 


plant, corrosion is not as severe as described in Part | and, for reliability, 


emphasis is placed on alternate power sources and on optimum results in radial 


aerial cable primary feeders without alternates. Relaying for faults and push- 


button control also reduce outage time in critical batch processes. Maximum 


use of old and new equipment permits expansion without interrupting production 


HAROLD E. McCONNELL, Consulting Engineer 


HE PROJECTS described in this 

and the preceding article reflect 
the trend of Gulf Coast industrial 
plants to put their electrical systems 
on a paying basis with respect to 
over-all plant production and profits. 
All improvements were carefully 
weighed to determine optimum meth- 
ods capable of furnishing adequate 
plant power for actual operating re- 
quirements. 

Operating superintendents were 
perhaps first to grasp the significance 
of instantaneous power through push 
button control. Having become ac- 
customed to these advantages they are 
no longer satisfied with older meth- 
ods. The branch circuit breaker gains 
much of its popularity over switch and 
fuse combinations because of quick re- 
set possibilities. It is only logical for 
operating departments to expect the 
same kind of flexibility in the major 
distribution system as in local operat- 
ing control of specific motors and de- 
vices. Any purely electrical switching 
delays or unexpected interruptions of 
power reduce plant efficiency while 
operating overhead goes on unabated. 

The projects have a number of sig- 
nificant similarities, although many 
problems and conditions were quite 
dissimilar. Many similarities occur be- 
cause of availability or lack of equip- 
ment. Engineering looks to the manu- 
facturer, and adapts latest designs and 
improvements to problems at hand. 


For example, aerial cable is a re- 
cently developed product for efficient 
and economical transmission of elec- 
trical power, but unless equipped with 
stainless steel messenger and binder 
and an acid resistant jacket, it is 
worthless in the plant with extraordi- 
narily severe corrosion conditions 
Likewise, certain standardized meth- 
ods for switching and control of elec- 
trical power exist, but one application 
may require outdoor construction, an- 
other indoor. 

Completely reliable power requires 
alternate cables and power sources, 
with quick switching and control plus 
ability to handle almost unlimited 
fault surges. In over-all principle, 
methods are pretty much the same, but 
the application depends upon correct- 
ly using the latest and best manufac- 
tured items available at the time the 
need occurs. 

A few dissimilarities also occur. 
The second plant, described in this 
article, having - less serious corrosion 
problems, uses simple radial feeders 
with no alternate 2300 v lines avail- 
able and with no ties between 440 v 
sources. As further contrasted to the 
plant described in the first article, 
the second plant makes little or no 
attempt to provide short-circuit pro- 
tection and isolation of radial feeder 
taps and splices, depending on back- 
up protection of the feeder breaker it- 
self. Although possibility of provid- 
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ing such additional features was not 
overlooked in the new design, man 
agement decided to defer such consid- 
erations until operating experience 
points out future requirements more 
clearly. 

Both plants adhered to presently 
accepted good practices for distribu 
tion and control of major blocks of 
power, and now have systems capable 
of future expansion with case, econ- 
omy and far less difficulty in main- 
taining service during expansion. 
Neither will be completely free of de- 
terioration problems, or need of good 
judgment in the operation of their 
new electrical systems 

Both companies took the earliest 
possible opportunity to examine their 
electrical systems after operating ex- 
perience had confirmed the require- 
ments. A strategic time was picked to 
correct existing inadequac ics by inte- 
grating new design so that (a) alter- 
nate sources of power became avail- 
able to take care of old requirements 
during construction, (b) all expanded 
power needs are recognized and ade- 
quately cared for, and (c) future ex- 
pansions will be possible with even 
greater ease and economy. 

This is the real essence of modern 
ization of electrical distribution sys 
tems for industrial plants. Given the 
opportunity of proper timing and 
perspective by plant management, the 
engineering staff or consultant may 
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use technical methods best suited to 
meet specific es with great- 
er economy and satisfaction to man- 
agement. 


SECOND CASE HISTORY 


This project occurs within one of 
the many new industrial plants built 
in this area immediately alter the war 
when many scarcities continued. The 
plant was well designed, and _ inte- 
grated as self-sufficient within the 
— lines. 

ew specific provisions were orig- 
inally made for future expansion. For 
the most part, plant processes operate 
as closed systems and require installa- 
tion of additional units Tet expanded 
capacity. This eliminated need for 
building structures larger than re- 
quired for individual units. The plant 
operates on a 24 hr basis, with year 
round rather than seasonal operation. 

The original electrical design ac- 
knowledged several specific problems 
due to the Gulf Coast climate, and to 
possible corrosive effects from chem- 
ical pollution by plant processes. 
Major distribution points were located 
away from hazardous areas, and when 
possible, away from areas where es- 
cape of chemical products might in- 
crease corrosive effects. To date, cor- 
rosion of electrical equipment has 
been fairly well limited to natural 


causes from atmospheric conditions. 


Source Reliability 


From the start it was realized that 
exceptional reliability of the power 


source would be required. Features 
not usually found or justified in other 
plants of relatively low initial electri- 
cal demand were incorporated at the 
7 substation. The processes are 
eavily dependent upon continuity of 
electrical power sources. Definite op- 
erating sequences are necessary, and 
usually controlled electrically. They 
cannot always be correctly restarted at 
arbitrary times, and whole production 
batches may be spoiled. 

All power is purchased at 69 kv, 3 
phase. First consideration in construc- 
tion of the primary substation was in- 
clusion of separate 69 kv incoming 
lines from alternate sources provided 
by the utility company. Each line ter- 
minated at steel substation structures, 
with heavy station type lightning ar- 
resters for the incoming line. Separate 
69 kv pneumatically operated oil cir- 
cuit breakers, suitably interlocked, 
permitted rapid switching (from 
within the plant) from the normal 
source to the other in case of failure. 

Manual double throw switching 
could have been installed at much 
lower cost, using only one oil circuit 
breaker. However, the extra time to 
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restore power, and the greater hazard 
to maintenance personnel, made ex- 
pense of 69 kv breakers preferable. 


Substation Location 


This power substation had been lo- 
cated on plant property as near as 
possible to the utility right-of-way to 
avoid 69 kv line construction in the 
plant proper, as well as corrosive ef- 
fects due to chemical pollution. For 
the most part it is now in excellent 
condition. However, corrosion of 
pivot points on the original motor op- 
erated disconnects caused motor fail- 
ures from high initial torque requir- 
ed to free the mechanism. The system 
was abandoned in favor of group op- 
eration of the disconnects from a 
hand crank on the operating linkage 
with no excessive difkculties or oper- 
ating delays up until the present. 

Utility company metering had been 
installed between the common 69 kv 
bus and a bank of three single phase 
1250 kva oil immersed self-cooled* 
(OISC) transformers, connected 67 
kv delta to 2400 v delta. Steel towers 
and trusses were erected for insulator 
bus supports and transformer discon- 
nects on both high and low voltage 
sides, 

Transformers had cover bushings 
for high and low voltage leads. Hook 
operated disconnects were provided 
for each bushing so that any trans- 
formers could be completely isolated 
and three phase service resumed with 
open delta operation. An open 2400 
v bus was mounted on the truss im- 
mediately above secondary bushings 
and disconnects, using tubular copper 
bus bar and heavy duty insulating 
supports. 

Lightning arresters were connected 
directly to the 2400 v bus, and two 
shot repeater type arresters were added 
to the common 69 kv bus in addition 
to station type arresters previously 
mentioned, An extensive grounding 
system was provided. 

No serious electrical difficulties 
have occurred at this substation. Ex- 
cept for proper oe mera action of 
the 69 kv circuit breakers upon inter- 
nal plant faults, no interruption of 
power has originated from this sub- 
station since its construction. 

Incoming line power failure has oc- 
curred very few times, but the rapid 
restoration of plant power made pos- 
sible left management entirely satis- 
fied with its greater initial investment. 
Insofar as is known, the main break- 
er has interrupted internal plant 
faults without operation of utility 
protective devices. 


*Through no fault of the author, obsolete 
terminology was used in Part 1. 


Interrupting capacity, about 50 per 
cent higher than theoretically requir- 
ed for present short-circuit capacity of 
utility lines, allows for increases. 


Original Plant Lines 


From this point on, the electrical 
system (at 2300 v) assumes certain 
characteristics of a minimum standard 
system. However, reasonably satisfac- 
tory operation has been available to 
date, although with certain annoying 
inconveniences to maintenance and 
engineering. 

The main plant process area is 
roughly centralized about 1/, mi from 
the power substation, requiring a 2300 
v transmission line. Two sets of open 
conductors were strung from 5 kv 
suspension insulators on pole line 
structures, terminating at an open 
tubular copper bus at a wooden struc- 
ture at the distribution center. 

Each set of conductors was arrang- 
ed horizontally, with no transposition, 
one set being suspended vertically be- 
low the other from cross-arms. Each 
set was terminated at the power trans- 
former and distribution center buses 
without benefit of individual discon- 
nects. A continuous, grounded static 
wire was installed at the pole tops for 
lightning protection. 

The two sets of conductors a 
ing in parallel have a combined size 
capable of economic transmission of 
about 2000 hp, the initial demand 
load. Voltage regulation (before ex- 
pansion in capacity described later) 
is a little on the ragged edge and con- 
tributes to annoyances previously men- 
tioned, but is within minimum toler- 
ances for distribution work at initial 
plant demand loads. Voltage unbal- 
ance between phases, due to the con- 
figuration, has been measured, and is 
within permissible but somewhat un- 
desirable limits. 

No secondary main breaker had 
been installed, and none was required. 
Since this line carried all existing 
plant power and no alternate lines 
were constructed, the main 69 kv 
breaker contains all necessary protec- 
tive and disconnect features. Top qual- 
ity, pole line materials and construc- 
tion were used throughout. 

No failures have occurred on the 
line itself and a casual glance from 
the ground level reveals no serious 
deterioration. Management has been 
well satisfied with the performance. 
But a comparatively recent and de- 
tailed inspection by skilled pole line 
electricians revealed deterioration for 
which maintenance work could hardly 
be performed in entirety without a 
power interruption. 

Some hardware was seriously rusted, 
nearly all was loose. Some insulators 
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2300v radial feeders —— 


One line diagram of the plant distribution circuits shows old circuits 
on left, and paralled new circuits and equipment on right. New switch- 
gear facross center) was also installed to allow use of either circuit 
during expansion and in future emergencies. The 2300 v radial feeders, 
without alternate circuits, supply 440 v load centers and 2300 v motors 


were chipped or otherwise damaged. 
All endo had lost one or more 
clamping bolts, with imminent danger 
of dropping a conductor from a few 
clamps. 

This plant had benefited from the 
tendency of any system to operate 
better when new, but now instituted 
a re-examination at the strategic time 
before serious failures occurred. 


2300 v Distribution Center 


At the 2300 v distribution center, 
individual outdoor type oil circuit 
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breakers had been located on a con- 
crete slab immediately below the 2300 
v overhead bus to serve individual 
2300 v radial feeders run to principal 
plant areas. Completely oil immersed 
in specially built enclosures, these 
breakers have been satisfactorily resist- 
ant to corrosion tendencies at this 
point. They are of a type not usually 
considered as distribution breakers, 
but interrupting capacity is more than 
adequate here. 

The breakers do not have space for 
overload relays, but have current trans 
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formers and instantaneous relays. For 
open overhead lines terminating in 
suitable load protective devices, over 
load protection is often omitted, or 
can always be set for overload condi- 
tions much higher than permissible 
for insulated cables. 

An attempt at some measure of 
overload protection had been made by 
setting the instantaneous ratio quite 
low. Starting currents of large motors 
consistently tripped the instantane 
ous relays under near loaded condi 
tions and the coils had to be rewound 
for a normal ratio. 

Most of the lines, although pri 
marily open construction, contain one 
or more vital links of underground 
insulated cable, and these lines were 
consequently left without overload 
protection of any kind. Ample in 
stalled capacity kept this from being 
a serious concern until expansion 
plans called for load increases on ex 
isting lines 


Original 440 v Circuits 


The 440 v substations (before ex- 
pansion) consisted of three single 
phase oil immersed transformers on 
outdoor slabs, with both primary and 
secondary enclosed terminal chambers, 
and no live parts exposed to direct 
corrosive influences. Branch 440 v 
circuit breakers were usually installed 
on outdoor racks in cast iron or oil 
immersed enclosures and connected in 
conduit runs to motor starter racks of 
similar construction. A great many 
140 v starters are oil immersed. 

In general, the 440 v system ranks 
as a first class installation, rather than 
minimum standard, with little to be 
desired as compared to other installa- 
tions of a similar nature. Except as 
influenced by voltage regulation of the 
2300 v circuits, performance has been 
excellent. 


High Voltage Motor Circuits 


Motors of 100 hp and larger are 
operated from 2300 v lines and ac 
count for 30 to 40 per cent of total 
connected motor load, an unusually 
high percentage. Starters have in- 
dividual fuse cutout disconnects, are 
generally well installed, and satisfac 
tory in operation. A few indoor type 
starters, installed in electrical equip 
ment rooms thought to be dry and 
free from corrosion, showed evidences 
of deterioration to parts of the control 
system. Strip heaters were added as 
the cheapest and easiest solution, 
since experience in this climate shows 
this is nearly always a desirable pro- 
cedure to avoid condensation due to 
the high humidity. 

Main lighting transformers are three 
phase, four wire units, with well bal 
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anced loads. As a whole, the plant 
load is remarkably well balanced. 


Distribution Feeders 


2300 v radial branch feeders are of 
the same general construction as that 
used on the main line, with similar 
performance history in most cases. 
One of the principal difficulties, which 
will get worse before it can ultimately 
be corrected, is that of voltage regula- 
tion in the system. 

One of the heaviest loaded impor- 
tant lines is also the longest branch 
line. In order to overcome the cumu- 
lative voltage drops in the transmis- 
sion line system and get minimum 
permissible operating voltage for large 
2300 v_ motors, power transformer 
taps were set at a fairly high voltage, 
making terminal voltage for the short- 
est lines higher than desired. 

Lighting transformers were un- 
fortunately not equipped with taps 
for this high voltage range. Conse- 
quently higher voltage lamps have to 
be stocked for that part of the plant, 
with a very high lamp replacement 
rate occurring. 2300 v_ synchronous 
motors in the plant permit an aver- 
age power factor well above 90 per 
cent, but have been unable to suff- 
ciently improve the voltage regulation. 


Expansion Plans 


Expansion plans called for a sud- 
den and major increase in demand 
load, but within the limits of the in- 
stalled 3750 kva capacity of the power 
transformers. This was to be followed 
reasonably soon thereafter by further 
increases well above existing capacity. 

First problem in the expansion was 
to get the immediate job done as 
rapidly as possible, with little or no 
interruption of existing plant services, 
and yet have an installation easily 
adapted to future increases. Conse- 
quently, all parts of the new system 
would be integrated as a single, well 
designed system rather than to result 
in a makeshift combination. 


New 2300 v Feeders 


The first increase called for new 
2300 v branch feeder lines from the 
distribution center, and for increased 
loading of certain existing feeders. 
This required some shifting of load 
on these lines. The ultimate increase 
unquestionably called for new power 
transformer capacity, and new trans- 
mission lines to the distribution cen- 
ter near the production area. 

It was decided to use modern, metal 
clad, outdoor switchgear as the focal 
point of all new branch 2300 v 
feeders, with oil circuit breakers of 
adequate interrupting capacity and 
with both instantaneous and inverse 
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time delay overload relays. Enclosures 
are completely weatherproof, but each 
section contains strip heaters to reduce 
condensation. Use of oil circuit 
breakers was continued because they 
will be more resistant to chemical cor- 
rosion if new production subsequently 
adds pollution to this relatively clear 
area. 

The breakers are of the vertical lift 
withdrawal type, for easy removal and 
repair, and are interchangeable with 
each other. Each is electrically oper- 
ated from a closing switch on the 
safety dead front panel, on which 
glassed in, dust-tight relays and meters 
are mounted. 

With the exception of the utility 
metering, no metering of any kind 
previously existed within the plant. 
Considerable maintenance trouble was 
necessary even to get voltmeter read- 
ings from the 2300 v lines. Each 
feeder now has a watt-hour meter and 
ammeter. The incoming line section 
has ground detection voltmeters, from 
which the voltage balance between 
phases can be read with ease. A power 
factor meter will now enable better ad- 
justment of power factor correction by 
synchronous motors. 

Additional 440 v motor capacity is 
added by several new three phase 
2400/480 v outdoor type unit substa- 
tions. They have oil immersed pri- 
mary terminal chambers and discon- 
nect, a three phase OISC transformer 
with standard taps, throat connected 
440 v draw-out circuit breakers, and 
strip heaters for each switchgear sec- 
tion. Additional 2300 v motors are to 
be controlled by across-the-line starters 
with individual fuse cutout protection. 
They are the same general types pre- 
viously found to be quite satisfactory, 
but with strip heaters in each starter. 
One such substation replaces an un- 
satisfactorily long 440 v line. 


Aerial Cables 


Conditions in the plant favor over- 
head construction, rather than the 
more expensive underground construc- 
tion for long 2300 v feeder lines. Self 
supporting, pre-assembled aerial cables 
were selected. With complete pro- 
tection by the new switchgear, the far 
better kva-distance constants inherent 
to three conductor cables couid be 
used. However, thermal radiation 
properties of the insulated conductors 
are not as high as for open weather- 
proof conductor, and they must be 
carefully protected from overloads 
which might damage the insulation. 

The aerial cable does not need 
lightning arresters if the messenger is 
well grounded, eliminates unsightly 
pole line construction, and is generally 
resistant to moisture and corrosion if 


properly selected for the application. 
It was possible to eliminate new pole 
structures altogether for most of one 
run by hanging to existing structures. 
Clearance requirements are also greatly 
reduced. 


2300 v Versus 4160 v 


These steps did not answer the im- 
mediate problem of transmitting 
nearly 4000 hp at 2300 v over a line 
originally designed for minimum 
standard performance with 2000 bp. 
About the same performance would 
be available for 4000 hp at 4160 v. It 
is rather obvious that original design 
contemplated this change in case of 
greatly increased demand, although the 
only provision was 5 kv hardware and 
fittings. 

The change to 4160 v would be a 
good engineering approach. The 
rather large kva-distance product at 
2300 v represents increased copper 
dissipation losses, and difficult if not 
disastrous problems of voltage regula- 
tion at higher current densities on the 
existing line. At this point, materials 
shortages and urgently needed _pro- 
duction interfered. 

A few of the 2300 v meters may 
be reconnected for 4160 v, but the 
majority would have to be rewound. 
In addition, most existing starters are 
not designed for 4160 v and would 
require either replacement or extensive 
changes. Both represent interruption 
of production, as well as very high 
initial cost. 

Other means permit reconversion 
back to 2300 v at motor distribution 
centers without change to either 
motors or starters, probably at lower 
direct cost and certainly with less in- 
terruption. But such equipment was 
listed for long delivery. These con- 
ditions precluded immediately chang- 
ing transmission line voltage. 

The 2300 v distribution voltage for 
the indefinite future demanded that 
the new main substation transformer 
also operate at 2300 v in an integrated 
electrical system. A three phase trans- 
former of 3750 kva self-cooled capac- 
ity, with 25 per cent increase with 
future forced air cooling was selected. 
It may be reconnected for 4160 v. 


2300 v Transmission Line 


The main power substation will rep- 
resent 7500 kva capacity immediately, 
of which an ultimate need of about 
6000 kva can be accurately forecast 
at the present distribution center. Of 
this, perhaps 2250 kva can be trans- 
mitted with fair efficiency over the 
present line and the immediate prob- 
lem was a method of transmitting an 
additional 3750 kva. 

Two aerial cables in parallel, of ap- 
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propriate copper size, would main- 
tain a favorable ratio of dissipation 
losses to initial cost, per Kelvin’s law, 
and reduce total voltage drop to about 
one third that for open construction. 
The cables have uniform spacing and 
arrangement, and will cause no volt- 
age unbalance. The grounded mes- 
senger is very effective lightning pro- 
tection. Cost of the cables is consider- 
ably greater, but is somewhat offset by 
the greatly reduced cost of pole struc- 
tures, and extra cost of bare copper if 
a satisfactory voltage regulation were 
to be obtained from an open line. 

However, avoiding excessive cop- 
per temperatures required overload 
and short-circuit protection. This was 
provided by another set of metal clad 
switchgear at the power substation 
throat connected to the new trans- 
former in typical unitized style. 

With the installation of the new 
aerial cable, less copper actually did 
a better job with very good operating 
economy. Therefore, no major changes 
will be made to the existing open line 
for the indefinite future, and an at- 
tempt will be made to coax it into 
transmitting the required immediate 
increase in power ana arrival of the 
other major equipment. 

With certain redistribution of load 
on existing branch feeders, and better 
utilization of the synchronous motors, 
acceptable operation appears barely 
possible, but at greatly increased cop- 
per dissipation and maintenance cost. 
Therefore, new switchgear at the dis- 
tribution center was to be temporarily 
connected to the old line, and recon- 
nected to aerial cable feeders upon 
their arrival. Then it would act as the 
sole distribution center for 3750 kva 
of new transformer capacity, and old 
gear would remain undisturbed for 
that portion of the old transformer 
capacity economically transmitted on 
the old line. 

Addition of the new transformer 
and parallel transmission line allowed 
interesting possibilities for making the 
plant distribution more compatible 
with the extra features built into the 
69 kv side of the substation. It also 
added the problem of effective protec- 
tion of two, three phase transformers 
on the common 69 kv bus, rather than 
one as before. 


Protective Features 


To prevent serious plant overloads 
from damaging the transformers (as 
well as protecting aerial cables from 
overload) secondary main circuit 
breakers, with inverse time delay re- 
lays and instantaneous relays, were 

rovided in the new switchgear assem- 
bly for both old and new trans- 
formers. Main feeders are connected 


at feeder sections of the gear through 
dummy breakers. 

Thus major internal plant faults 
which may escape coordination by the 
gear at the distribution center may be 
coordinated and cleared by the proper 
secondary main breaker. Otherwise, 
the main 69 kv breaker would inter- 
rupt all plant power, or much more 
expensive, additional 69 kv breakers 
would be necessary. 

Differential relays were added, how- 
ever, for complete protection of trans- 
formers from a major fault in trans- 
former windings or secondary con- 
nections. Such a fault would tem- 
porarily interrupt all plant power, by 
tripping the main 69 kv breaker, but 
the instrumentation on the differen- 
tial relays permits quick recognition 
and isolation of the faulted bank and 
restoration of power to the remaining 
bank. 

Prospects of transformer failure are 
remote. The positive protection of 
differential relaying at expense of a 
brief shut-down can hardly justify the 
much greater cost of separate primary 
circuit breakers, which are also critical 
delivery items. 

Open type fuse cutouts would not 
necessarily give the same measure of 
protection as differential relaying and 
would cost approximately the same. 
Although wal by the utility com- 
pany to some extent, they are not 
generally favored for higher voltages 
in industrial plants because of corro- 
sion and extra hazards to personnel. 


Tie Breaker Included 


Having the two secondary main 
breakers so close makes the inclusion 
of a tie breaker inevitable for extra 
ope Its use extends the prin- 
ciples of alternate power sources orig- 
inally built into the 69 kv side to 
the secondary side, and allows energiz- 
ing each main feeder from either trans- 
former. During low power demand, 
one transformer may be completely 
removed from service for necessary 
maintenance and repairs. In emer- 


gencies, some curtailment is necessary 
if only one power transformer is in 
service, but all vitally necessary lines 
can be energized. 


Future Expansion 


In normal operation the tie break- 
er will be interlocked in off position. 
But company engineers and manage- 
ment realize that plant expansion can 
continue faster than expected. Switch- 
gear specifications provided an inter- 
rupting capacity more than adequate 
to permit parallel operation of two 
transformer banks. If expansion in- 
cludes need for a third transformer, 
arallel operation of two banks, slight- 
L evaiontod, could serve entire plant 
demand for short periods. 

With future forced air cooling, total 
installed capacity will reach 8400 kva 
with adequate present transmission 
line capacity for transmitting 6000 
kva to the distribution center. About 
900 kva spare capacity remains in the 
new bank, and po 1500 kva in the 
old. Since future load locations cannot 
be forecast, the only provision is for 
extending the power substation switch- 
gear in either direction. Addition of 
one or more feeder breakers will per- 
mit transmission of the remaining 
power to any location, without addi- 
tional investment at present. For new 
loads near the old distribution center, 
aerial cable can be attached to the 
structure for the main aerial cable 
feeders. 

The diagram shows essential fea- 
tures as described. Many additional 
problems have not been discussed, but 
the system represents a good and work- 
able solution which could be installed 
in time to meet production demands. 
If this construction program had de- 
veloped at a time when materials were 
not scarce, it is entirely possible that 
different methods might have been 
used. But the system is well adapted 
to meet all immediate plant sable 
satisfactorily. Also, it is sufficiently 
flexible for extension in any of several 
directions with ease and economy. 





in isolated areas in most plants. 





This Article Was Selected Because— 


It includes many phases of management, economics and engineering that cannot 
and should not ordinarily be included in discussions on basic features and recom- 
mendations of distribution systems. Furthermore, most of the problems treated in 
the article are occasionally encountered throughout a plant, and a few are found 


It is recognized that, since the distribution system is a small percentage of plant 
investment but such an important item in the operation, compromises should be 
made grudgingly, if ot all. But experience in industrial plants shows that there are 
many unusual conditions which must be met with ingenuity, and without information 
on other installations which would enable prediction of equipment life and operation. 

INDUSTRY AND POWER will welcome correspondence expressing your views 
and experience as a guide for future article selection. 








INDUSTRY AND POWER * January 1953 








| Voltage regula 
—ee OFS kva transformer 
or atari 15 kva transformer 


| 


on curves 








~ 
~~ 














Per cent rated secondary vo/ts 
































200 


300 


400 


Per cent rated /oad 


F A CONTROL ENGINEER were 

to be thorough in his analyses of 
control transformer applications he 
would at one time or another ascer- 
tain the answer to such questions as 
these: 

1. Should the transformer conform 
to NEMA standards? 

2. Should it be Underwriters’ Lab- 
oratories approved ? 


3. Must it meet any other standards 
or specifications ? 

4. Which transformer most satis- 
factorily combines the non-electrical 
features of suitable terminal arrange- 
ments, desirable dimensions, good ap- 
pearance, and convenient mounting 
provisions ? 

5. What type of insulation is re- 
quired by ambient temperatures or 
other conditions? 

6. Should the transformer have 
built-in overcurrent protection for ex- 
cess temperature? 

7. What should be the volt-ampere 
rating? 

Fortunately, the answers to all but 
the last question can be obtained on 
the basis of specification requirements 
and good judgment. The f soeaeer 
tion of adequate transformer capacity 
also requires good judgment, espe- 
cially where great economy is neces- 
sary, but the judgment can be based 
upon engineering estimates or calcu- 
lations when application and duty cycle 
of the transformer are known. 
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Transformer Capacity 

Calculations for selecting  trans- 
former capacity are of two general 
types; the first is to determine if the 
transformer is large enough to de- 
liver adequate voltage to a load; the 
second is to investigate what the load 
will do to the transformer. 

One of the simple rule-of-thumb 
methods commonly used is: Take 25 
per cent of the maximum instantane- 
ous current, and then ascertain the 
maximum steady load on the trans- 
former, The larger of these two values 
determines the transformer rating. 
This method considers both ability of 
the transformer to deliver the requir- 
ed voltage and heating effect of the 
current. 

However, where several starters, re- 
lays, solenoids or other devices are 
energized at various times during the 
operating cycle, and their require- 
ments are appreciable in relation to 
the capacity of the control transform- 
er, it is sometimes desirable to make a 
more accurate estimate of transformer 
size than can be done by the simpler 
methods such as the one noted above. 


Rating for Load Voltage 


It is possible to calculate voltage 
siltvesd be a transformer if one has 
data on the internal impedance char- 
acteristics of the transformer and also 
knows the magnitude and phase angle 
of the current required by the load. 
However, it is much more convenient, 


IMPORTANT . 


Transformer ratings 
Connected loads 
Load power factor 
Intermittent loading 
Load duration 
Temperature rise 
Weighting factors 


Fig. 1—Power factor affects voltage 
regulation of all transformers but is 
particularly important on controls and 
other small units where peak loads may 
greatly exceed ratings and be highly 
inductive, as with relays and motors 


and usually accurate enough, to use 
voltage regulation curves for estimat- 
ing output voltage. These curves can 
be supplied by the transformer manu- 
facturers, or may otherwise be readily 
obtained by the control engineer. Typ- 
ical voltage regulation curves for sev- 
eral power factors are shown in Fig. 1. 

For the overload range in which we 
are interested, voltage regulation 
curves can be regarded as straight 
lines. This means that if the voltage 
at full load rating drops 3 per cent 
below the no load voltage, it will drop 
6 per cent for twice rated load at the 
same power factor. 


Effect of Power Factor 


Power factor of the load current af- 
fects output voltage because the volt- 
age drop in the transformer is due to 
its internal resistance and reactance. 
These subtract vectorially from the in- 
duced voltage in the transformer to 
give the output voltage. The phase 
relation of these vectors is influenced 
by the phase relation or power factor 
of the load current. 

A transformer has its poorest regu- 
lation, that is, the least output voltage, 
when the resistance and inductance of 
the load are in the same ratio as the 
internal resistance and leakage induc- 
tance of the transformer. The im- 


From a paper presented at the 1952 Annual 
Machine Tool Electrification Forum sponsored 
by Westinghouse Electric Corp. 
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. CHARACTERISTICS OF 


CONTROL TRANSFORMERS 


You may seldom have enough control transformer applications 


fitting a given set of conditions to justify complete engi- 


neering. But this clear analysis of fundamentals and short 


cuts possible will help even in making quick estimates or 


in analyzing malfunctioning of controls, as for example, 


where extra loads have been added. The principles also apply 


to small transformers used for other than control purposes 


ROYCE E. JOHNSON, Manager, 
General Engineering Laboratory 
Barber-Colman Company 


dance drop then subtracts directly 
rom the induced voltages. Load 
power factors below or above this 
value result in better voltage regula- 
tion for the transformer. 


Variations in Load Voltage 


Examination of the curves in Fig. 1 
shows that 90 per cent of full load 
voltage will be delivered to a 50 per 
cent power factor load when the 0.3 
kva transformer supplies 500 per cent 
rated load or when the 1.5 kva trans- 
former supplies 650 per cent rated 


load. These curves show also that if 
the steady load on the transformer is 
50 per cent of the rating, the voltage 
will be about 105 per cent normal for 
the 0.3 kva unit and 1.02 per cent 
normal for the 1.5 kva transformer. 
The larger the transformer, the better 
its regulation. 

In deciding how much voltage drop 
may be allowed in the transformer, it 
is mecessary to consider the normal 
supply voltage variations which may 
be expected and also the minimum 
voltage at which the control devices 
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will operate. Supply system voltages 
usually are regulated to within plus or 
minus 10 per cent of nominal, but 
occasionally additional variations oc- 
cur as the result of load and distribu- 
tion system conditions in a plant. 

The latter variations are not nor- 
mally considered, but when they are 
discovered as the result of malfunc- 
tioning of a new machine tool it is 
sometimes embarrassing to the equip- 
ment manufacturer. 


For Combination Loads 


Where several load demands are 
applied in various combinations, the 
transformer voltage output may be 
determined for any combination by 
finding the magnitude of the combin- 
ed load. Ordinarily, it is voltage drop 
due to the largest instantaneous load 
that must be considered. This maxi- 
mum load may be a combination of 
steady and inrush currents having dif- 
ferent power factors. 

However, it is usually satisfactory 
and always on the conservative side to 
add the volt-ampere values arithmeti- 
cally rather than vectorially, using the 
power factor of the load component 
which gives the lowest output voltage. 
If closer design is required, use the 
actual power factor of the maximum 
instantaneous volt-ampere load. 

Estimation of output voltage is seen 
to be relatively easy once inrush and 
steady or sealed currents of the load 
devices are known. For example, a 
steady load consisting of 0.2 = at 
50 per cent power factor plus an in- 
rush load of 0.75 kva at 20 per cent 
power factor would represent an arith- 
metic total of 0.95 kva., or 317 per 
cent load on the 0.3 kva transformer 
in Fig. 1. Assuming 50 per cent 
power factor for the combined load, 











| 
} 


N 
S 


Power floss in Q5 kva transformer 


Ww 
S 


Initial rate 
we - 





A) 





T T 
Tota/ /oss~ 
7 


| > 





a 
S 





& 
S 


“i 


\ 
S 


load /oss 





7 


i 


Transformer /oss,watts 





Cor/ temperature, deg C 
% w 
Ss S 








S 


- 


I 
! 
r 
1 
! 
| 
ft 
I 
' 
! 
i 








‘cam 7 



































4] 25 50 75 /00 125 
Per cent rated load 


Fig. 2—Power losses, which determine temperature rise, 
are typical, with a no load component plus losses which 
increase as square of load current. No load temperature 
rise limits magnitude and duration of the applied loads 
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Fig. 3—The theoretical temperature rise for steady load 
gradually reaches a constant value. 
overloads, the initial rate, dotted line, is important. The 
modified by original 


However, for short 


temperature conditions 
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secondary voltage is found to be 95 
per cent of rated voltage on the 50 
per cent wer factor load curve. 
Actually, the combined load, because 
of different power factors, is only 
0.93 kva at 27 per cent power factor, 


cessive heating. But how can heating 
effect be estimated for a load which 
varies cyclically over a range of values, 
especially when solenoid or starter 
coil inrushes occur frequently ? 
Fortunately, transformers have ap- 
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Fig. 4—The initial 
winding tempera- 
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which results in about 97 per cent 
secondary voltage. 


Transformer Heating 


Now for calculations to determine 
what the load will do to the trans- 
former. Fig. 2 shows the relation be- 
tween load on a typical 0.5 kva trans- 
former and power loss in it. In this 
unit, core loss is about 55 per cent of 
total full load loss. Only the PR 
(copper) loss varies with load. 

It is easy to estimate whether a 
fairly continuous load will cause ex- 
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preciable thermal mass or inertia. Rate 
at which temperature of a typical 
transformer actually increases when 
full load is suddenly applied is shown 
graphically in Fig. 3. During the first 
half-hour, the temperature rises rap- 
idly to nearly 50 per cent of its ulti- 
mate value. This rise is due to the 
combined core loss and copper loss. 

Even at no load the transformer will 
become warm and shorten somewhat 
the time required for it to reach full 
temperature when the load is subse- 
quently applied. Several transformers 
of different makes serve as the basis 
for the statement that the no load tem- 
perature rise in the winding usually is 
in the range of 12 to 19 C. 


Short, Heavy Overloads 


What would happen if all of the 
heat from the IR (copper) loss in the 
transformer windings were retained 
in the copper for a short time? This 
practically happens during the first 10 
sec that a load is applied. The initial 
temperature rise of the winding for 
one to five times rated load would be 
as shown by the curves of Fig. 4. 
These curves give an idea of how 


rapidly a heavy load will increase the 
temperature of the windings. 

In the line of transformers for 
which Fig. 3 and 4 apply, a 0.15 kva 
transformer winding heats about 50 
ro cent more rapidly, and the 1.5 
va transformer about 45 per cent 
less rapidly than the 0.5 kva trans- 
former in the first few seconds im- 
mediately after a load is applied. 

A load several times rated value 
should not be applied to an already 
warmed-up peak «mc for more than 
a few seconds at a time. 

The lower curve, Fig. 5, shows 
theoretical time required for a given 
overload tg raise copper temperature 
by four degrees centigrade assuming 
no heat flow from the copper. An eight 
degree rise would occur in slightly 
more than twice the time indicated for 
a four degree rise. 

The weighting factor in Fig. 5 can 
be used to determine average heating 
in a transformer when the overloads 
are of short duration. This curve is 
derived on the basis that the heating 
effect of the load is proportional to 
the square of the current. For exam- 
ple, a 200 per cent load will cause 
four times the temperature rise pro- 
duced by 100 per cent load. 


Safety Factor 


A small ‘safety factor which in- 
creases with heating effect of the load 
has been arbitrarily introduced. Its 
purpose is to compensate to some ex- 
tent for the momentary excess temper- 
atures which may result from inrush 
currents. This arbitrary factor in- 
creases from 1.004 at rated load to 
1.1 at five times rated load, and 1.4 at 
ten times rated load. 

The formula for the weighting fac- 
tor is: 


(eeSh) ‘ [: ' 000 = 2taaa) ] 
This expression applies for loads 
above rated value. 

For loads below rated value, 
weighting factor varies from 0.33 at 
no load to 1.0 at full load, in propor- 
tion to square of the current. The 
factor 0.33 corresponds to a no load 
temperature rise equal to one-third the 
rise at rated load. Since many trans- 
formers have somewhat less no load 
temperature rise, the heating effect 
weighting factors as shown are slight- 
ly larger than necessary for less than 
100 per cent load on these trans- 
formers. 


Factor for Cyclic Heating 

To use the weighting factor curve, 
which can be applied to standard 
makes in the normal range of control 
transformer sizes, it is mecessary to 
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know only the various magnitudes of 
the load and time duration at each 
magnitude. The time average of the 
load weighting factors can then be 
computed as shown in the example in 
the table, where the various loads oc- 
cur in the sequence in which they are 
listed. The weighting factors are de- 
termined from Fig. 5 for any ratio of 


mal duration and frequency of occur- 
rence, the heating effect is negligible. 
The inrush current for the coil of the 
ordinary motor starter lasts much less 
than 0.1 sec, 


Time Limit for Overloads 


An additional application for the 
curves in Fig. 5 is determination of 





SAMPLE CALCULATION—TIME AVERAGE OF WEIGHTING FACTORS 


Load duration, 


Weighting 


sec factor, Fig. 5 


Event 
Storter 1 closes 
Solenoid & relay on 
Solenoid off 
Starter 2 on, | off 


Relay off 
Starter 2 off 


Total 


Average weighting factor 


Column a 


Column b 


40 
04 
17.0 
2.1 
0.65 
28.0 
0.86 


124.55 
130 





load to rating from zero up to ten. 

The average weighting factor will 
indicate approximately the ratio of 
transformer average temperature rise 
for short overloads to its full load 
steady state temperature rise. In this 
example, the average factor of 1.04 
indicates an average rise of 57.2 C in 
a 55 C transformer. 


Alternate Method 


An approximate alternative to the 
method of using weighting factors is 
the elementary but more laborious 
method of plotting load (as ratio of 
load to rated load) during each in- 
terval of the cycle, using time for the 
abscissae. The ordinates of this load 
curve are then squared and a new 
curve drawn. 

The average ordinate of the 
squared curve is approximately the 
average weighting factor for heating 
effect. However, this elementary 
method does not take into account the 
no load temperature rise, nor the 
small factor of safety which is in- 
cluded in the curve of Fig. 5 for 
overloads. 

Where inrush currents exceed the 
transformer rating, it is evident that 
they do contribute to the average heat- 
ing if they occur frequently enough 
or last an appreciable part of 1 sec. 

For control transformers where 
starter coil inrush currents are of nor- 


the permissible on time for intermit- 
tent loads. The reciprocal of the 
weighting factor is the fraction of the 
time that the load may be applied 
without producing excess average 
temperature rise. 

This fraction must be further re- 
duced as the length of the “ON” pe- 
riods is increased over the periods 
which will permit a 4 C rise. A 500 
per cent load, for example, may be ap- 
plied for 1/27.5 part of the time. 
The copper temperature rise will be 
4 C in the first 6 sec. If 6 sec is the 
“ON” period, the instantaneous 
peak temperature will just about reach 
the normal full load temperature in 
steady cyclic operation. 

Experience will enable one to de- 
cide when a simple rule-of-thumb 
method of estimating control trans- 
former size needs to be supplemented 
by a more detailed method such as has 
been described. 


Conclusions 


The weighting factor curve can be 
used with various types and sizes of 
control transformers either to deter- 
mine the heating effect of complex 
periodic loads or to determine what 
fraction of the time an intermittent 
load might safely be supplied 


Heating effect weighting factor — 
vs over/oad 
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Fig. 5—Curve at lower right shows approximate time required for various loads 
to produce a 4 C rise in 0.5 kva transformer. Time for higher rises is almost 
in proportion. The upper curve gives weighting factor by which a load should 
be multiplied to find heating effect, and includes safety factor for this size. 
Weighting factor is number of times a temperature rise at rated loads is increased 
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Fig. 1—Comparison of double and single suction impellers with reference to origin of axial thrust 


STRUCTURAL DETAILS AND AXIAL THRUST 


RESSURES generated by a centri- 

fugal pump exert forces on both 
the stationary and rotating pump parts. 
By virtue of design some forces are 
balanced while others may be un- 
balanced, and means may have to be 
employed to counterbalance them. 

Axial hydraulic thrust is the sum- 
mation of unbalanced forces on an 
impeller acting in the axial direction. 
However, axial thrust in single stage 
pumps is no longer a matter of great 
concern except for certain high pres- 
sure applications and in large units. 

An ordinary single suction radial- 
flow impeller, with the shaft passing 
through the impeller eye, Fig. 1, is 
subject to axial thrust. This is true 
because more back wall surface is 
exposed to the discharge pressure than 
the front wall, and a portion of the 
front wall is exposed to the suction 
pressure. When pressure in the dis- 
charge chamber is uniform over the 
entire area of the impeller, the axial 
force acting towards the impeller suc- 
tion would be equivalent to the prod- 
uct of the net pressure generated by 
the impeller and of the unbalanced an- 
nular area. In contrast, a double suc- 
tion impeller is theoretically in axial 
balance. 

This axial balance of double suction 
impellers is based on the assumption 
that liquid enters the impeller in equal 
volume from both sides. As the im- 
peller inlet openings are also supposed 
to be equal, pressure on one side of 
the impeller is equal and opposite to 
that on the other side. Practically, a 


Fig. 2—Pressure distribution on front 
end back of single suction impeller 
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of Centrifugal Pumps 


Importance of axial thrust in centrifugal pumps and steps to reduce 
it to the minimum are brought out by the authors. Each type 
of pump is reviewed, and methods to reduce thrust are detailed 


IGOR J. KARASSIK and ROY CARTER, Worthington Corporation 


double suction impeller may still de- 
velop an unbalanced axial thrust for a 
variety of reasons. Liquid whirling 
around the outside surface of the im- 
peller shroud does not necessarily have 
the same characteristics of flow on 
both sides. This is especially true if 
the impellers should not be centrally 
located in the casing, thus setting up 
pressure differences between the sides. 

In the event the suction passages do 


~ 
Pressure action in \S 
impeller shrouds 
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not afford an absolutely symmetrical 
flow to the two sides of the impeller, 
there is the possibility that these two 
sides will perform unequal work. Such 
a condition affects both pump effici- 
ency and theoretical balance of the 
axial hydraulic thrust. The same in- 
equality may be imposed by condi- 
tions external to the pump, such as the 
location of an elbow too close to the 
suction nozzle. Finally, there may be 
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Fig. 3—Thrust of single suction impeller can be bal- 
anced by means of wearing rings and balancing holes 


an unequal amount of leakage taking 
place past the two wearing rings. All 
of these factors may unite to create 
a definite axial unbalance, which must 
still be compensated, and, therefore, 
all centrifugal pumps are provided 
with thrust bearings. 

Actually, the pressure acting on the 
two walls of a single suction impeller 
is not uniform over the entire area 
exposed to the discharge pressure. 
This lack of uniformity arises from 
the fact that liquid between the im- 
peller shrouds and casing walls is in 
rotation. Thus the pressure acting at 
the impeller periphery is appreciably 
higher than at the impeller hub. There- 
fore, the axial thrust acting towards 
the impeller suction is somewhat less 
than the net pressure times the un- 
balanced area, As an approximation, 
this thrust may range from 70 to 80 

r cent of the value that would be 
andr on the assumption of a uniform 
pressure distribution. 

In order to eliminate axial thrust of 
a single suction impeller, wearing rings 
should be sential en both sides with 
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Reduction in pressure coused by pump-ouf vanes 


identical diameters so as to equalize 
the thrust areas, Fig. 3. Pressure on 
both sides of the impeller is main- 
tained substantially equal to the suc- 
tion pressure by providing so-called 
balancing holes or ports. Leakage past 
the back wearing ring is returned into 
the suction area through these balanc- 
ing holes. In certain cases—especially 
when large single stage single suction 
pumps are involved—balancing holes 
are considered disadvantageous because 
the leakage into the impeller suction 
is in a direction opposite to the main 
flow. This creates undesirable disturb- 
ances. Balancing holes are then re- 
placed with a piped connection to the 
pump suction. 

Another method to eliminate or re 
duce axial thrust of single suction 
units is to provide pump out vanes on 
the back shroud of the impeller. These 
vanes reduce the pressure acting on 
the back shroud of the impeller, Fig. 
4. However, this construction is most- 
ly limited to pumps handling gritty 
liquids, where it serves the primary 
purpose of keeping the clearance be- 
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Fig. 4— Thrust of single suction impeller is balanced by 
installation of pump-out vanes located on the back shroud 


tween the impeller back shroud and 
casing free of foreign matter. 

Axial forces acting on an overhung 
type impeller with a single stuffing 
box, Fig. 5, are definitely affected by 
suction pressure. In addition to the 
unbalanced force, Fig. 2, there is an 
axial force equivalent to the product 
of the shaft area through the stuffing 
box and the difference between the 
suction and atmospheric pressure, This 
force, therefore, may act either towards 
the impeller suction when the suction 
pressure is less than atmospheric, or 
in the opposite direction when higher 
than atmospheric. 

Magnitude of this force when the 
pump operates on a suction lift is 
very low. For instance, when the 
shaft diameter through the stuffing 
box is 2 in. (area—3.14 sq in.) and 
the suction lift is equivalent to 20 
ft of water (absolute pressure—8.66 
psi) the axial force caused by the over- 
hung impeller, acting towards the suc- 
tion, will be only 27 Ib. On the other 
hand, when the suction pressure is 
100 psig, the force will act in the 
opposite direction and will be 314 Ib 
Obviously, since the same pump may 
be applied to a variety of conditions of 
service over a wide range of suction 
pressures, the thrust bearing of single 
suction overhung impellers must be 
generally arranged to take thrust in 
either direction. It must, therefore, 
be selected with a thrust capacity suf- 
ficient to counteract forces set up under 
the maximum suction conditions, 
which have been established as the 
maximum limit for the particular 
pump in question. 

However, certain special applica- 
tions lead to the creation of extremely 


Fig. 5—Single suction overhung impel- 
ler pump, shown, has single stuffing box 
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high axial thrust, for example, boiler 
circulating pumps. In order to reduce 
stuffing box maintenance these pumps 
are generally constructed in the single 
suction, single stage overhung impeller 
type. Force acting on the shaft towards 
the right, Fig. 6, is the product of 
1200 psi (difference between suction 
and atmospheric eens ps and of 
12.56 sq in. (unbalanced area of a 4 
in. shaft) or 15,072 Ib. 

As the impeller is not fitted with a 
back wearing ring, to take advantage 
of the axial thrust on the impeller 
itself, this thrust acts towards the /eft 
of the impeller, Providing the im- 
peller with a back wearing ring would 
reduce the pressure on the stuffing 
box by the net pressure developed by 
the pump. But, since this pressure is 
only 60 psi, the back wearing ring 
would reduce the stuffing box pres- 
sure by a mere 5 per cent on a 1200 
psi boiler circulating pump, certainly 
a negligible attainment.. On the other 
hand, the partial balance of the axial 
thrust obtained through the elimina- 


First stage 
v 





tion of the back wearing ring is very 
useful. Assuming the unbalanced area 
of the single suction impeller is 40 
sq in., net pressure is 60 psi, and 
average pressure acting on the back 
shroud of the impeller is 80 per cent 
of the net pressure, the unbalanced 
thrust on the impeller, acting to the 
left is 1920 lb and the net force acting 
to the right is reduced to 13,152 or 
almost by 13 per cent. When the pump 
is standing idle on standby duty, how- 
ever, this partial reduction disappears, 
and the end thrust returns to its former 
value of 15,072 lb. The pump thrust 
bearing, therefore, must be p Seven 
to accommodate this thrust. 

In addition to radial flow impellers, 
mixed flow and axial flow impellers are 
commonly used. Except for very large 
sizes and certain special applications, 
maximum thrust, which may be de- 
veloped by such impellers, is not of 
great importance since operating heads 
are relatively low. 

In the case of axial flow impellers, 
there is an axial thrust caused by pres- 
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Fig. 6—Typical axial thrust in single 
suction impeller boiler circulation pump 


sure imposed on the vanes as they act 
on the water. In addition, there is a 
difference in pressure acting on the 
shaft hub ends, one end being subject 
to discharge pressure and the other 
to suction pressure. Occasionally, pro- 
vision is made in an axial flow pump 
for a leakage joint at or near the 
discharge hub periphery, with bal- 
ancing holes through the hub. This 
construction occurs mainly in vertical 
wet pit pumps with covered shaft de- 
signs, in order that the seal at the 
lower end of the cover pipe be sub- 
jected to suction pressure rather than 
to discharge pressure. 

In case of mixed flow impellers, 
axial thrust is a combination of forces 
caused by vane action on the water and 
forces arising from the difference in 
the pressures acting on the various 
surfaces. Providing wearing rings on 
the back side of mixed flow impeilers 
and either balancing holes through the 
impeller hub or an external balancing 
pipe leading back to the suction are 
common practice. 

In some designs of large mixed flow 
impellers as well as some high head 
vertical pumps with single suction 
radial type impellers, the leakage joint 
on the back side of the impeller has 
been made larger in diameter than the 
leakage joint on the suction side. Such 
a construction causes the axial thrust 
to act upwards balancing the rotor 
dead weight and tending to lift it 
upwards. This practice has fallen into 
disuse since more reliable thrust bear- 
ings have been made available. 

Utilization of wearing rings on the 
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Fig. 7—Schematic diagram of a four stage pump with double suction impellers shows method of staging 
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back side of large capacity sewage 
pumps with mixed flow impellers does 
not meet with general approval. There- 
fore, this situation is seldom en- 
countered, even though their absence 
leads to the necessity of larger ca- 
pacity thrust bearings. 

Virtual absence of unbalanced axial 
thrust and greater suction areas avail- 
able in a double suction impeller would 
appear to be of sufficient advantage 
to apply such impellers to multistage 
pumps as well. This design, however, 
when applied to multistage units, con- 
tains certain definite shortcomings. 
The average multistage pump is of 
relatively low capacity when compared 
to the entire range covered by modern 
centrifugal pumps. As a result, using 
double suction impellers for the sole 
purpose of reducing net positive suc- 
tion head required for a given ca- 
pacity is seldom necessary. 

Even if a double suction impeller 
becomes desirable for the first stage 
of a large capacity multistage pump, 
using such impellers for the remaining 
Stages is hardly necessary. As to the 
advantages to be derived from the 
axial balance of a double suction im- 
peller, a certain amount of axial thrust 
1s _—_ in all centrifugal pumps, 
and, therefore, the necessity of a thrust 
bearing is not eliminated. 


Shaft Length 


Shortcomings of double suction 
impellers in a multistage pump lie 
mainly in the fact that this construc- 
tion adds needless length to the pump 
shaft span. Additional space is re- 
quired for the extra passage leading 
to the second inlet of each successive 
stage. In the case of a pump with four 
or more stages, Fig. 7, this increase in 
shaft span becomes quite appreciable, 
to say nothing of the added casting 
difficulties. In the event the shaft 
diameter is increased to compensate 
for the longer shaft span so as to 
maintain a reasonable shaft deflection, 
the impeller inlet areas are correspond- 
ingly reduced. The margin of a nace 
age of the double suction impeller 
design from the point of view of 
suction conditions becomes even less 
appreciable. 

Finally, arranging the various im- 
pellers within a double suction multi- 
ee in any order other than the 
ascending order of the stages appears 
to be impractical. Furthermore, the 
impeller at one end of the casing is the 
last stage impeller, and the pressure 
acting on the adjacent stuffing box 
will be the discharge pressure of the 
next to last stage. To reduce this pres- 
sure, interposing some form of a pres- 
sure reducing bushing between the last 
stage impeller and the stuffing box 
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Fig. 8—Multistage pump with single suction impellers all facing in one direc- 
tion has the axial thrust relieved by means of hydraulic balancing devices 
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Fig. 9—Four stage opposed impeller pump has half the impellers facing in 
one direction, the other half in the other direction to balance axial thrust 


becomes necessary. This, of course, 
would further increase the over-all 
length. As a result of these con- 
siderations, the majority of multistage 
centrifugal pumps are built with single 
suction impellers. 

There are two obvious arrangements 
of single-suction impellers for a multi- 
stage pump: 

1. Several single suction impellers 
may be mounted on one shaft, each 
of these impellers having its suction 
inlet facing in the same direction, the 
stages following each other in the 
ascending order of pressure, Fig. 8. 
Axial thrust is then balanced by a 
hydraulic balancing device. 

2. An even number of single suc- 
tion impellers can be mounted on one 
shaft, half of the impellers facing in 
a direction opposite to the second 
half. Thus, the axial thrust in one 
direction on half of the impellers is 
compensated by the thrust in the op- 
posite direction acting on the second 
half, Fig. 9. This mounting of single 
suction impellers back to back is fre- 
quently referred to as “opposed im- 
pellers”’. 

This last arrangement can be 
changed to use an uneven number of 
single suction impellers. The result- 
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ing axial unbalance must be taken care 
of by the proper choice of shaft and 
interstage bushing diameters. This 
gives the effect of a hydraulic bal- 
ancing device to compensate the hy- 
draulic thrust of one of the stages. 

Once a multistage pump is balanced, 
by employing opposed impellers, the 
most satisfactory sequence in which in- 
dividual stages are to be arranged 
within the pump casing is determined. 
There are three separate factors that 
enter into the analysis of a satisfactory 
stage arrangement, and the final solu- 
tion must, perforce, become a com- 
promise between the individual best 
solutions, each of which satisfies these 
three factors: 

1. Pressure difference between any 
two adjoining stage chambers should 
be kept to the minimum possible, and 
several low pressure running joints are 
to be preferred to a fewer number of 
joints subject to a relatively high 
pressure, 

2. Various stage impellers should 
be so arranged that the stuffing boxes 
will be subjected to the lowest pres- 
sure within the pump. 

3. Sequences of stages should be 
such as to avoid excessive complica- 
tions in forming interstage passages. 
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This compressor, installed at the Newark Stove Company, has a capacity 
of 4250 cfm and supplies air for general industrial plant consumption 


NEWARK STOVE INSTALLS 
ECONOMICAL AIR SYSTEM 


ATEST DEVELOPMENTS in ef- 
L ficient production of compressed 
air are incorporated in the new in- 
stallation at the Newark Stove Co., 
Newark, Ohio. Many of these ad- 
vanced operating features in effect 
stem from extensive experience in the 
fields of pipe line operation, refinery 
procedures, and diversified chemical 
pst The simpler and less cost- 
y installation results from horizontally 
opposed piston design. 

‘his type of inherently balanced 


design also effectively reduces the re- 


sultant effect of inertia forces that 
otherwise develop mechanical vibra- 
tion under different load conditions. 
The more compact pancake-type con- 
struction of the horizontally opposed 
piston design further permits auxiliary 
equipment to be nested directly with 
the main unit, simplifying installation 
of piping and control equipment. 
The compressor installed has the 
capacity for supplying 4250 cfm air 
for general industrial needs at 100 psi. 
The installation provides for drawing 
air through a filter into a surge tank 


Automatic control 
equipment governs 
the operation of 
the motor and com- 
pressor. Panel at 
the right controls 
pneumatically act- 
wated unloading 
valves to satisfy 
all load conditions 


€ 


’ 


Moisture and oil 
are removed in the 
aftercooler and re- 
ceiver before the 
air is delivered to 
the plant system 


mounted directly below the three low 
pressure cylinders. The low stage 
cylinders discharge into a header above 
the cylinders. 

From the low pressure stage, the air 
passes through an intercooler where 
oil and moisture are condensed and 
removed. Air is then directed to a 
surge tank above and ahead of the two 
high pressure cylinders. Air delivery 
is made to a header mounted below 
the high pressure cylinders and in 
turn piped to an aftercooler. The 
remaining oil and water are removed 
before the air is piped to the receiver. 

Quiet and efficient operation at all 
loads is assured by pneumatically op- 
erated unloading valves controlled 
from a master panel. This control 
governs the valve openings of each 
low and high pressure cylinder, keep- 
ing the compressor in uniform operat- 
ing balance. 

Pneumatically operated clearance 
pockets located in the head of each 
compressor cylinder effect complete 5- 
step control of output from 100 to 0 
per cent. The 5-step unloading is 
achieved at constant crankshaft speed 
and is arranged so as to permit re- 
versing the unloading pe at any 
point without going through the com- 
plete unloading and loading sequence. 

Lubricating oil for the crankcase 
and vital parts is circulated by an in- 
dependent motor driven pump. Be- 
fore starting up the compressor, this 
oil pump supplies lubrication to crank- 
case and crosshead members. This pre- 
vents the danger of premature wear 
on operating components otherwise 
possible when starting up heavy equip- 
ment that has been idle overnight. 

Prime mover is an 800 hp, 450 rpm 
synchronous motor, which helps cor- 
rect the line power factor and main- 
tain a more favorable power factor 


INDUSTRY AND POWER °* January 1953 





This diagram shows a multiple use conditioning system that holds 


the equipment investment to a minimum and reduces operating costs 
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WATER SYSTEM PLANNING 


ANTHONY GIGLIOTTI 
President 


BECOMES AN EXACT SCIENCE Penfield Mfg. Co., Inc. 


ATER, the universal raw ma- 
terial, is indispensable to in- 
dustry. While the chemist might need 
only one ounce of the purest water ob- 
tainable to run a critical test, many 
manufacturing operations require tre 
mendous quantities of water. Thus, 
water supply has become one of the 
most important considerations in the 
selection of a plant site not only from 
the standpoint of quantity but also 
in terms of the critical factor of quality. 
Generally speaking, water is needed 
for: (a) boiler feed, (b) cooling, 
(c) process operations, (d) drinking, 
(e) sanitary facilities, and (f) fire 
protection. Since treatment will vary 
with both raw water quality and end 
use, tailoring water to satisfy these 
diverse specifications has become an 
exact science. 


System Planning 


Many well managed companies are 
no longer solving water treatment 

roblems on a piecemeal basis. Instead, 
individual surveys are conducted for 
each water consuming operation in the 
entire plant. Then all water treatment 
is considered as one separate and dis- 


tinct function, completely independ 
ent of production. With this arrange 
ment, separate units can be set up for 
filtering, settling, coagulating, soften 
ing, demineralizing or any other type 
of treatment that may be required. One 
man can control all operations, and 
with the new developments in auto- 
matic equipment such as self regulat- 
ing, single column demineralizers, the 
most rigid water specifications can be 
maintained without interfering with 
production. Usually, substantial cost 
savings as well as increased operating 
efficiencies can be effected 


Recirculation 


Where water is scarce, expensive, 
or needs a great deal of treatment, re- 
circulation can bring about additional 
savings. Using water on a once 
through basis, unless absolutely neces- 
sary, is a wasteful practice. Circulating 
water over cooling towers or through 
sprays brings about enormous reduc- 
tions in over-all consumption. For in- 
stance, one large chemical plant with 
160,000 gpm cooling towers requires 
only 6 to 8 per cent makeup. Another 
manufacturer actually recirculates cool- 
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ing water as many as 50 times befor 
discharging it to waste 

Re-use of process water also saves 
money. By re-filtering and demineral 
izing water used for processing, on 
plant cuts consumption from 230 to 4 
mgd. Any place where water is used 
for extraction, the valuable liquid can 
usually be salvaged. For example, in 
making starch, steep water can be rx 
cycled completely, while many paper 
mills now recycle all of their white 
water. One board mill reports fresh 
water consumption er ton of pulp was 
reduced to 1000 gal by recycling meth 
ods while another mill making bleach 
ed pulp and re-using little of the mill 
water takes up to 50,000 gal 


Case Histories 


Several surveys have been conducted 
to obtain case histories on the success 
ful application of coordinated water 
conditioning systems. The industries 
selected are all prolific water consum 
ers. Naturally, each plant has specifi 
problems and will require treatment 
facilities engineered to its require 
ments, but these case histories reveal 
typical results of over-all planning 





APPROXIMATE CHEMICAL COSTS OF PURIFYING WATER BY ION EXCHANGE 


Woter hardness 


Plant location as ppm CaCO. 
New York, N.Y 1§ 
Seattle, Wash 25 
Baltimore, Md 60 
San Francisco, Calif 75 
Memphis, Tenn 100 
Dallas, Texas 105 
Detroit, Mich. 110 
Chicago, Ill. 130 
Cleveland, Ohio 135 
Salt Lake City, Utah 155 
Los Angeles, Calif 215 
San Diego, Calif. 235 
Austin, Texas 240 
Kansas City, Mo 240 
Madison, Wisc 300 
Kalamazoo, Mich 500 


Cost of treatment in 
cents per 1000 gal 





Typical Brewery 


A large eastern brewery producing 
an average of 1800 barrels of beer per 
day (actually, production is somewhat 
seasonal, higher than this average in 
summer, lower in winter) was selected 
as an example of the beverage indus- 
try. This plant utilizes about 450 gal 
of water per barrel of beer produced, 
or a total of 810,000 gal of water per 
day. Water is used for: (a) processing 
or ‘brew’ water, (b) cooling, (c) 
bottle washing, keg cooling and pas- 
teurizing, and (d) boiler feed. Raw, 
fresh river water is employed for cool- 
ing and boiler feed and no recircula- 
tion is required, while municipal ser- 
vices supply the brew and wash water. 

In general, brew water must be 
clear, odorless, tasteless, and free of 
iron and manganese. Of course, it 
must be hacteriologically acceptable as 
well. This particular plant produces 
light or Pilsener type so which re- 
quires brew water that is low in bi- 
carbonates, high in sulfates. There- 
fore, lime is added to keep the bicar- 
bonates down, calcium sulfate (200 
ppm) to keep sulfate content high, the 
operation being carried out in a cold 
lime water softener. Before the soften- 
ing step, the water is aerated to remove 
iron and manganese and activated car- 
bon filters are employed to insure the 
elimination of foreign odors or taste. 
Final treatment consists of putting the 
brew water through sand filters. 

Water for bottle washing and high 
pressure steam boiler feed is treated 
to zero hardness in a battery of auto- 
matic demineralizers. By demineraliz- 
ing the wash water, the cost of deter- 
gents is reduced 50 to 75 per cent. Un- 
sightly surface deposits are eliminated 
and no glass polishing is necessary. 


Chemical Plants 


Many chemical plants require vast 
quantities of water, particularly for 
cooling. This service may consume as 
much as 80 to 90 per cent of the total, 
although other uses include processing, 
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Fully automatic operation 
including regeneration of 
the resin bed is provided 
by modern demineralizers 


either as makeup or for purification by 
crystallization, washing, scrubbing of 
gases, boiler feed, drinking, sanitary 
purposes, and fire protection. 

Purity, of course, is the keynote to 
product quality in the chemical indus- 
try. This is especially critical in the 
manufacture dentally pure re- 
agents, pharmaceuticals and drugs. For 
these operations, the water should be 
clear and free from metals, sulfur, and 
organic growths. 

In the past, distilled water was used 
extensively for the production of 
chemically pure materials. Since dis- 
tilled water costs $2 to $6 per 1000 gal 
in single effect ——_ and $0.50 
to $1.25 for quadruple effect units, 
demineralizers are replacing distilla- 
tion columns. Demineralized water 
costs only about $0.15 per 1000 gal. 
In addition, modern units permitting 
completely automatic anion and cation 
exchange in a single column, even to 
the regenerative cycle and recutting in 
the effluent, simplify operations. 


Pharmaceutical Plant 


Another case history was obtained 
from studies of a moderate sized phar- 
maceutical plant where total water re- 
quirements are approximately 90,000 
gal per day. Raw well water, 347 ppm 
hardness (CaCO,) and 187 ppm al- 
kalinity (methyl orange), supplies all 
services. General needs are: (a) boiler 
feed, (b) sanitary facilities, (c) cool- 
ing, and (d) processing. 

Since the raw water contains appre- 
ciable amounts of hydrogen sulfides, 
it is first aerated to precipitate the 
sulfides as sulfur. Then a sand filter 
removes the sulfur before the water 
passes through a softener. At this 


point, water of sufficient softness 1s 
drawn off for sanitary purposes. 
About 3000 gph of softened water 
flows to a large cation column where 
cations are removed and the 187 ppm 
of alkalinity are converted to carbonic 
acid, which can be blown from the 
water into a degasifier as CO,. Water 
from the cation column is combined 
with equal parts of water from the 
softener to make a good blend for boil- 
er feed. Degasified water is then pass- 
ed through another sand filter and on 
to the anion column. About 100 gph 
is drawn from this point, demineral- 
ized down to about 20 ppm total 
solids, treated with caustic and used as 
makeup water for a condenser coolant. 
The rest of the water passing 
through this multiple use treating sys- 
tem goes to a battery of demineraliz- 
ers, which deliver about 2500 gph of 
high quality water. In this plant, water 
with purity in excess of one million 
ohms conductivity is required to proc- 
ess the pharmaceutical product. 
Because the tendency today is to- 
ward the use of high pressure steam 
boilers, water treatment becomes more 
important than ever in order to pre- 
vent costly and troublesome scale 
formation and corrosion. Water soft- 
ening methods including the zeolite 
systems and hydrogen cation exchang- 
ers as well as the lime-zeolite and hot- 
lime-soda processes all have been ap- 
plied successfully to this service. Single 
and multiple column demineralizers 
also are enjoying growing favor for 
the treatment of water for high pres- 
sure boilers, often in conjunction with 
techniques of filtration, sedimentation 
or coagulation, depending upon par- 
ticular water and service conditions. 
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BEARING FAILURES AND THEIR CAUSES 


JOSEPH L. BRUSCA, Senior Design Engineer, SKF Industries, Inc. 


EARING ENGINEERS must 
know the reasons for a bearing 
failure before it can be corrected 
While ball and roller bearings have 
proven by long experience to be re 
liable and to need little attention, the 


Wear caused by foreign matter 


Early stages of flaking magnified 
Flaking in the advanced stages 
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principles governing their applications 
are necessarily quite different from 
those applicable to plain bearings. 
Therefore, locating the cause for a 
bearing failure is of utmost import 
ance. 

Sometimes, this can be done very 
quickly by inspection of the bearing 
and the condition surrounding the 
application. Other times, a complete 
laboratory examination is necessary be- 
fore the cause can be determined. In 


addition, there are times when the 
actual cause of failure cannot be defi 
nitely established, and an exhaustive 
study of the application and all sur 
rounding conditions must be made 

Of course, there are common con 
ditions of bearing failures that may 
be linked with the type of application 
The following causes of early failure 
and suggested remedies will aid the 
engineers in prolonging the life of 
such bearings 


Failures Due to Dirt and Other Foreign Matter 


One common cause of bearing 
failure is dirt. Failure because of dirt 
can be recognized in several ways 
Generally, fine dirt in a bearing acts 
as an abrasive and results in lapping of 
the various parts. This can be seen 
and felt in the ball or roller paths of 
the self-aligning type bearing. These 
paths will be polished along with the 
alls and rollers. When no breaks ap- 
pear on the surfaces of rolling ele 
ments and the ball or roller path is 
clearly defined, fine dirt has entered 
the housing during service. 

Deep groove-type bearings are not 
as easily examined since the ball paths 
and balls cannot be readily seen. A 
preliminary check can be made by 
feeling the amount of clearance be- 
tween the inner and outer races. This 
can be done by laying the bearing on 


This is the general appearance of corrosion 
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a flat surface and holding one ring 
stationary. When the other ring can 
be moved in a position parallel to the 
flat surface, wear has taken place 
This wear cannot be felt when the 
bearing is held by hand 
tion, the normal internal clearance can 
be felt, and this might be mistaken 
tor wear. 

Ball and roller bearings do not wear, 
even after long service, when kept 
clean and lubricated properly. How 
ever, as they reach their fatigue-limit 
flaking of the loaded areas occurs. This 
flaking is not considered wear in th 


In this posi 


same sense as wear caused by abrasives 
Many worn bearings, of necessity, have 
to be discarded long before the fatigue 
limit of the steel is reached 

If water or other corrosive agents 
enter the bearing, wear might occur 


Corrosion af points of 
contact between parts 
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This shroud or metal box encloses the 
bearing housing and offers protection 


quickly. Iron oxide formed by rust 
is an abrasive and will lap or grind 
the balls or rollers making » Bon under- 
size. Sometimes a bearing will be- 
come corroded even before placed into 
service. A motor, pump, or machine 
may be flooded, or water may be in- 
troduced with the lubricant. In such 
an instance, corrosion pitting will oc- 
cur that is distinguished by a dark 
brown color. This pitting will be 
found where the balls or rollers con- 
tact the faces. This might cause bear- 
ing noise even though the machine has 
just been put into service. 

If examination of a bearing indicates 
that wear has taken place, the actual 
application should be carefully check- 
ed. Quantities of hard, gritty particles, 
such as produced by a grinding wheel 
or a buffing stand might be found. 
Seals should be checked thoroughly to 
make sure that dirt is not going past 
the seals into the bearing. The lube 
cant should be inspected as well as the 
lubrication method. Slipshod main- 
tenance methods could be a reason for 
contaminated lubricant. 

Sometimes a simple inexpensive 
shroud or sheet metal box can be em- 
ployed to deflect dirt away from the 
bearing house. This procedure will 
pay for itself many times over. 

Similar results are obtained with 
respect to water or other corrosive 
igents entering the bearing housing. 
Everything possible should be done to 
deflect fluids away from openings. 

Another form of foreign matter is 
chips or particles of steel through 
failure of machine parts—such as a 
gear. Such chips in the ball path will 
be pressed into the races and balls 
causing dents or scratches 


Failures Due to Inadequate or 
Improper Lubrication 


One common cause of early failure 
is inadequate or improper lubrication 
The amount of lubricant required by a 
ball or roller bearing is small. That is 
why so many of these bearings, un 
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Overheating and temper- 
ing causes early flaking 


like the majority of plain bearings, 
can be lubricated with grease. Yet, 
while the amount required may be 
small, the quality should be the best 
obtainable, 

Some applications involving high 
temperatures, high speeds, and heavy 
loads require oil lubrication. In some 
instances, special methods are employ- 
ed, such as circulating oil, oil mist, 
and drop feed. 

Lack of lubricant is revealed by a 
high pitch sound and a rapid rise in 
temperature. (A rise in temperature 
can also be the sign of over-lubrica- 
tion). Failure to correct this fault 
immediately is apt to be followed by 
different kinds of damage. Intense 
overheating will draw the temper of 
the bearing steel, and the bearing will 
fail quickly. This condition can be 
recognized by the color of the bearing, 
and in the early stages it will be blue 
If the bearing continues to operate, 
seizure may occur resulting in aaa 
to other parts. 

Lack of lubricant may cause cage 
wear, which is accompanied by smear- 
ing of the balls or rollers and their 
tracks in the rings. 

Too solid a grease or too thick an 
oil is capable of producing a braking 
effect powerful enough to make the 
rolling elements slide. Such sliding 
will cause smearing of the effected 
parts, and early failure might occur 

Rapid starting of a machine is an 
adverse condition for an anti-friction 
bearing. Where the load is heavy, a 
smearing condition can occur because 
of sliding parts before the running 
temperature has been reached and 
while the grease is still solid. This 
is particularly true where bearings 
operate under low temperature con- 
ditions. Where the load is light, the 
inner race slides or skids on the balls 
or rollers before they have a chance 
to rotate, and smearing again takes 

lace. Under either condition, the 
etna will continue to operate but 
will be noisy and eventually will fail 


Eccentric wear of retainer caused by 
poor lubrication and foreign matter 


Results of defective lubrica- 
tion or lack of lubrication 


Flaking from smearing due 
to defective lubrication 


Improper lubrication smearing 
of flange and roller parts 


Failure of bearing ring caused by 
distortion of the ring by housing 
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Only B. F. Goodrich makes 


the grommet belts that 
cut costs 20 to 50%! 


Save 3 ways! I nvestigate toda ry { 
Write or mail coupon 


You save belt costs because belts last 
longer, save production costs because 
machines keep running with fewer in- 
terruptions, save Maintenance costs 
because they need less attention. 
Patented grommet belts by B. F. 
Goodrich represent the only basic 
change since invention of the V belt 
Belts last 20 to 50 per cent longer, de- 
pending on service. (The more severe 
the service, the greater the increase over 
ordinary belts.) Grommet belts have 
more rubber; they're more flexible, give 


better grip, less slip. 


What is a grommet? 
A grommet is like a giant cable except 
that it’s endless—a cord loop built up 
by winding heavy cord on itself. There 
is no overlapping cord section as in all 
ordinary belts. Most belt failures occur 
in these sections where cords overlap! 


All cords put to work 


Each of the two grommets and every 
part of a grommet carry their share of 


the load. In ordinary belts under high 
tension the center cords ‘“‘dish’’ be- 
Cause tension is greater near the driving 
faces. Dished cords are doing less work, 
not pulling their share. Grommet belts 
have no center cords, there is no dish- 
ing—therefore much more strength in 
proportion to cord volume—and less 
stretch. Grommet belts stretch, on an 
average, only about one-third as much 
as ordinary belts. 


Better grip, less slip 


Grommet belts have more rubber in 
relation to belt size. Without any stiff 
overlap, they're more flexible, grip pul- 
leys better. Size for size, grommet belts 
give Ys more gripping power, pull 
heavier loads with a higher safety fac- 
tor. Because there is less slip, there is 
also less surface wear. 


Send for proof 


Send the coupon for a set of reports telling 
users’ experiences and showing actual in- 
stallations where grommet belts outlasted all 
others. Some typical cases: 


~ 
a a 


cates 


~ oe rw ete & ooo 


B. F. GOODRICH GROMMET V BELT 
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within a few days ordinary belts had 
stretched After six months of 24-hour-a 
day service BFG grommet belts haven't 
stretched at all..." 

“Ordinary belts lasted only 5 or 6 weeks 

B. F. Goodrich grommet belts are in 

their sixth month of service % 

“Previous belts suffered from shock loads, 
wore out fast BFG grommet belts have 
been in service 2 years with no shut-downs 


There are hundreds of cases like these 


They cost no more 


BFG grommet belts cost not one cent 
more than others. The savings they 
make for you are clear profit. They are 
made in C, D and E sections. They are 
patented by B. F. Goodrich. No other 
V belt is a grommet belt (U. S. Patent 
No. 2,233,294) 


Write, send the coupon or see your 
B. F. Goodrich distributor. (He will 
show you his ‘X-ray"’ belt that shows 
the grommet construction clearly.) 


gnomntl polfh 


B.E Goodrich 


FIRST IN RUBBER 


| The B. F. Goodrich Company 
| Dept. IP-1 
| Akron, Ohio 


[J Send set of reports telling users’ ex 
periences and showing actual installa 
tions proving that B. F. Goodrich 
grommet belts outlast all others 

() Have distributor show me the "X-ray 
belt that shows how B. F. Goodrich 
grommet belrs are made 


Name 


Firm Name 





A handy 6-page guide, “Johns- 

Manville Packings for the Power 

Plant” simplifies the selection and application of power 

plant packings. Covering 32 of our most popular styles, 

it tells at a glance what J-M packings to use... why they 
are recommended ... and how to install them. 

Its schematic diagram is spot-keyed to help you locate 
packing styles for various equipment units. Its brief group- 
headings help you select J-M packings for centrifugal and 
rotary services, reciprocating rods and plungers, valve 
stems, pipe flanges, manholes and handholes ... to seal 
against steam, water, oil, brine, etc. ... to withstand various 
temperatures and pressures. Its condensed packing descrip- 
tions give you essential buying information. 


-ee and this new chart makes it 
easy to choose the right J-M Packings 
for your power plant equipment 


And a page is devoted to tips on proper installation to 
help you get maximum economy and efficiency from your 
Johns-Manville packings. 


Your local Johns-Manville Packing ile 
Distributor will be glad - nein, 
to give you a copy of this es atthings 
handy packing selector, 
free of charge. Or write to 
Johns-Manville, Box 60, 

New York 16, N. Y, 
asking for Brochure 
PK-GIA. In Canada, 
address 199 Bay Street, 
Toronto 1, Ontario. 


Johns-Manville PACKINGS & GASKETS 
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Handbook for 
a Methods, data and ideas that make 
engineered 


excellent references in solving 


plant services engineering problems frequently 


encountered in plant operations 





Acknowledgment is made to 
LOCATING AND CORRECTIN the Allis-Chalmers. Manafact 


ing Co. for data contained in 


AL P eG TRO BLES this edition of the Handbook for 
Engineered Plant Services 


Lack of prime 


Speed too low 


Discharge head too high 


Suction lift too high 


Impeller completely plugged 


Wrong direction of rotation 


Air leaks in suction piping 


Speed too low 


Discharge head too high 


Suction lift too high 


Impeller partially plugged 


Not enough positive suction head 
for hot or volatile liquids (Can be 
determined with gage. When the 
liquid is flashing, the gage jumps) 


Defective wear plates 
Defective impeller 
Defective packing 


Foot valve too small or 
partially obstructed 


NO LIQUID DELIVERED 


Fill pump and suction completely with liquid 


Check whether motor is connected directly across the line and receiving full voltage. Frequency 
may be too low, and the motor may have an open phase. When turbine driven, check governor 
setting and throttle valve. 


Check pipe friction losses. Larger piping may correct condition. Check to see if valves are 
wide open. 


If no obstruction at inlet, pipe friction losses should be checked. However, static lift may be 
too great. Measure with mercury col or v gage while pump operates. When static 
lift is too high, water to be pumped must be raised or pump lowered. 





Remove bearing bracket assembly and clean impeller. 


This sometimes occurs. Compare motor rotation with directional arrow on pump casing. 


NOT ENOUGH LIQUID DELIVERED 


When liquid pumped is water or other non-explosive—and explosive gas or dust is not 
present — flanges can be tested for leakage with flame or match. For liquids, such as gasoline, 
suction line can be tested by shutting off or plugging inlet and putting line under pressure. A 
gage will indicate a leak with a drop of pressure. 


Check whether motor is connected directly across the line and receiving full voltage. Frequency 
may be too low, and the motor may have an open phase. When turbine driven, check governor 
setting and throttle valve. 


Check pipe friction losses. Larger piping may correct condition. Check to see if valves are 
wide open. 


If no obstruction at inlet, pipe friction losses should be checked. However, static lift may be 
too great. Measure with mercury column or vacuum gage while pump operates. If static lift 
is too high, water to be pumped must be raised or pump lowered 


Remove bearing bracket assembly and cleen impeller. 


PUMP TAKES TOO MUCH POWER 


Hot liquid cannot be lifted very high—and extremely hot liquid cannot be lifted at all. In 
many cases, the pump suction must be considerably lower than the source of hot liquid so the 
liquid will flow in under pressure. Pressure required depends on temperature of liquid, pump 
capacity, and type impeller. Safest solution is to consult with pump manufacturer. 


Inspect. Replace if worn excessively. 
Inspect. Replace if damaged or vane sections badly eroded 
Replace packing and sleeves when badly worn. 


Inspect. Area through ports of valve should be ot leost as large as area of suction pipe— 
preferably 1'/, times. If strainer is used, net clear area should be 3 to 4 times area of suction 
Pipe. 
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Suction inlet not immersed 
deep enough 


Wrong direction of rotation 


Speed too low 


Air or gases in liquid (Test in labora- 
tory, reducing pressure on liquid to 
pressure in suction line. Watch for 
bubble formation) 


Mechanical defects 
Obstruction in liquid passages 


Impeller diameter too small 
(probable cause, if none of above) 


Incomplete priming 


Suction lift too high 


Air leaks in suction piping 


Air or gases in liquid 


Head lower than rating, pumps 
too much liquid 


Liquid heavier than originally 
specified (in either viscosity or 
specific gravity) 


Wrong direction or rotation 


Stuffing boxes too tight 


Casing distorted by excessive strains 
from suction or discharge piping 


. Shaft bent due to thermal distortion, 


damaged while overhauling, or im- 
proper assembly of rotating element 


Mechanical failure of critical 
pump parts 


Misalignment 


Speed may be too high (broke horse- 
power of pump varies as the cube of 
the speed; therefore, any increase 
in speed means considerable increase 
in power demand) 


Electrical defects 


Mechanical defects in turbine, 
engine, or other type of drive 
exclusive of motor 


When inlet cannot be lowered—or if swirling eddies through which air is sucked persist when 
it is lowered—chain a board to suction pipe. It will be drawn into eddies, smothering the vortex. 


Compare motor rotation with directional arrow on pump casing. 


NOT ENOUGH PRESSURE 


Check whether motor is connected directly across the line and receiving full voltage. Frequency 
may be too low, and the motor may have an open phase. When turbine driven, check governor 
setting and throttle valve. 


May be possible to overrate pump to point where it will provide adequate pressure despite 
condition. 

Better to provide gas separation chamber on suction line near pump and periodically exhaust 
accumulated gas. 


Inspect wear plates and repiace if worn excessively, and replace impeller if d 


sections are badly eroded. Replace packing and sleeves when badly worn. 


A 
ged or vane 





Remove bearing bracket assembly and inspect passages of impeller and casing. Remove 
obstruction. 


Check with your pump manufacturer to see if a larger impeller can be used. Otherwise, cut 
pipe losses or increase speed or both as needed. But, be careful to not seriously overload the 
drive. 


PUMP WORKS FOR A WHILE AND QUITS 


Free pump, piping, and valves of all air. If high points in suction line prevent this, they should 
be corrected. 


If no obstruction at inlet, pipe friction losses should be checked. However, static lift may be 
too great. Measure with mercury column or vacuum gage while pump operates. When static 
lift is too high, water to be pumped must be raised or pump lowered. 


When liquid pumped is water or other non-explosive—and explosive gas or dust is not 
present—flanges can be tested for leakage with flame or match. For liquids, such as gasoline, 
suction line can be tested by shutting off or plugging inlet and putting line under pressure. 
A gage will indicate a leak with a drop of pressure. 


May be possible to overrate pump to point where it will provide adequate pressure despite 
condition. 

Better to provide gas separation chamber on suction line near pump and periodically exhaust 
accumulated gas. 


Turn down impeller's outside diameter to size advised by pump manufacturer. 


Use larger driver. Consult pump manufacturer for recommended size. Test liquid for viscosity 
and specific gravity. 


Compare motor rotation with directional arrow on pump casing. 


Release gland pressure and tighten reasonably. When sealing water does not flow while pump 
operates, replace packing. When packing is wearing too quickly, replace scored shaft sleeves 
and keep water seeping to provide lubrication. 


Check alig nt. E 
Replace damaged parts. 





for friction between impeller and casing and worn wearing plate. 


Check deflection by turning between lathe centers. Total run-out should not exceed 0.006 in. on 
low speed pump and no more than 0.003 in. on high speed unit. 


Check bearings, wearing plotes, bushings, and impeller for damage. Any irregularity in these 
parts will cause a drag on the shaft. 


Realign pump and driver. 


Check voltage on motor and governor on turbine or engine. 


Voltage and frequency of the electric current may be lower than that for which the motor was 
built, or there may be defects in the motor. The motor may not be ventilated properly due 
to a poor location. 


When trouble + be located, call in factory service engineer. 
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Readers’ guide to 


advertised 
products 


AIR & DUST FILTERS & COLLECTORS 


Dust Collectors 
Aerotec Corp. series mechanical elec- 
trical dust collectors described on p 115. 
The Thermix Corp. 
Dust Collection 500 
Information contained in booklet “The 
Collection and Recovery of Industrial 
Dusts”. Buell Engineering Co. p 48. 
Oust Control Systems 501 
Literature available on Kirk & Blum 
dust control systems. The Kirk & Blum 
Mfg. Co. p 129. 
Dust & Fly Ash Recovery 502 
Booklet outlines principles of Multi- 
clone centrifugal dust recovery. Western 
Precipitation Corp. p 121 
Electrical Precipitators 503 
Bulletin 500 contains facts on the Cot- 
trell precipitator. Research Corp. p 38 


ANTI-CORROSIVE & PROTECTIVE 
COATINGS 


Rust Preventive 504 

Adv. p 39 contains coupon for complete 
information on Rust-Oleum sealing com- 
pound. Rust-Oleum Corp. 


BOILERS & BOILER ACCESSORIES 


Steam Generators 505 
Information available on Wickes steam 
generators. The Wickes Boiler Co. p 59. 
Deaerators 506 
Complete information available on 
American Jet-Tray deaerators. American 
Water Softener Co. p 133. 
Boilers 507 
Catalog describes Types KS and KL 
boilers by The Bigelow Company. p 127. 
Water Gages 
Bull WG-1811 describes Yarway fiat glass 
gages that may be equipped with Type 
“M” illuminator that shines like a star 
Yarnall-Waring Co. p 47. 


BUILDING HEATING, VENTILATING, 
AIR CONDITIONING & REFRIGERATION 


Unit Heaters 

Adv. p 123 contains information on Trane 
unit heaters and diffusers. The Trane Co 
Humidity Control 

Adv. p 116 describes Niagara's controlled 
humidity method using Hygrol moisture- 
absorbent liquid. Niagara Blower Co. 


BUILDING MATERIALS & 
MAINTENANCE 


Thread Compound 510 
Free sample and data sheet on Fel-Pro 
C-5 “Hi-Temp” thread compound. Felt 
Products Mfg. Co. p 139. 
iron Cement Sli 
Free Repair Handbook describes Smooth- 
On repairs. Smooth-On Mfg. Co. p 126. 
Metal Grating 512 
Free booklet “Instructions for Laying 
Klemp Hexsteel and Floorsteel”. Kiemp 
Metal Grating Corp. p 1M. 


Vacuum Cleaning Equipment 

Adv. p 126 contains information on Hoff- 
man heavy-duty vacuum cleaning equip- 
ment. U. S. Hoffman Machinery Corp. 
Floor Patch 513 

Coupon on page 138 offers complete de- 
tails of trial order plan and Handbook of 
Building Maintenance. Flexrock Co. 


COAL, ASH & BULK HANDLING 
Coal & Ash Handling Equipment 514 


Coupon on p 26 offers literature on coal 
firing, handling, and control equipment. 
Canton Stoker Corp. 

Conveyers 515 

Additional information available on Jef- 
frey apron conveyers and feeders. The 
Jeffrey Mfg. Co. p 14, 15. 


Coal Handling Equipment 


Adv. p 3 contains information on the 
Link-Belt conveyer system. Link-Belt Co 


COMPRESSORS 


Air Compressors 516 

Catalog 5110-A contains the complete 
Schramm story on stationary air com- 
pressors. Schramm, Inc. p 125. 


CONTROLS, REGULATORS 
& INSTRUMENTS 


Temperature Control 


Adv. p 41 contains information on auto- 
matic temperature and humidity control 
for heating, ventilating, air conditioning 
and | ess control. The Powers Regula- 
tor Co. 


This department is both a product index for 
advertising and a keyed listing for advertised 
literature. Refer to advertisement on page 
indicated and contact advertiser directly— 
or list paragraph key numbers on reader 
service card {page 107) to get data you want 


Tank Gage 517 
Details available on Liquidometer tank 

gage. The Liquidometer Corp. p 138 

Temperature Control 518 
Cat 700-13 contains data on Sarco self- 

operated cooling controls. Sarco Co., Inc 

p 21. 

Regulators 519 
Bulletin contains complete data on 

Spence pressure and temperature regula- 

tors. Spence Engineering Co. p 4 

Feed Water Meters 
Details available on Henszey feedwater 

meters. Henszey Co. p 117. 

Pressure Controls 520 
Catalog 700A contains complete data on 

Mercoid DA pressure controls. The Mer- 

coid Corp. p 139 

Regulators 555 
Bull 464 describes Leslie temperature 

regulators. Leslie Co, p 119 


DIESELS 


Diesels 

Adv. p 27 describes the supercharged, 
aftercooled Cooper-Bessemer JS-8 type 
diesel. The Cooper-Bessemer Corp 


ELECTRICAL DISTRIBUTION 


Dual-Element Fuses 509 
Coupon in adv. p 18, 19 offers complete 
facts on Fusetron dual-element fuses 
Bussmann Mfg. Co 
Fuses 521 
Price list and catalog on “Economy De 
lay” renewable fuses. Economy Fuse & 
Mfg. Co. p 538 
(Continued on page 112) 
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Anti-Corrosive & Protective 
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PRODUCT INDEX 


Lubricants, Lubrication, Oil 
Filters & Purifiers . 


Mechanical Power Transmission 
Packaged Steam Generators 
Packing & Gaskets 

Pipe & Fittings 

Pumps . 

Refractory Concretes 

Steam Specialties 

Tools . 

Transformers 

Turbines 

Valves . 


Water Treatment 
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sy | ADJUSTMENT OF ! ADJUSTMENT OF 
with Dearborn’s ' PRE-TREATMENT | INTERNAL TREATMENT 


complete water treatment 
and engineering service 





Providing trouble-free water—a vital 
necessity to every user of steam—has 
been Dearborn’s business for more than " 
65 years. 

Today, this broad background of ex- 

erience—plus treatment formulas that 
hows been tested and re-tested and the 
most modern laboratory and research 
facilities—are available to you at 
Dearborn. 

To keep your power and steam-pro- 
ducing facilities at peak production... 
to greatly minimize unnecessary main- 
tenance—call your Dearborn Sales ' - 
Engineer. He's our expert who will check “<= 
your facilities—analyze your raw water j 


"Tr ! 
—recommend the proper treatment, 
feeding equipment and test procedure. Vv | BLOWDOWN Vi TEST CONTROL 
Dearborn Bulletin 5000 completely H ADJUSTMENT ' PROCEDURE 








describes this service. 


Plus results from water treatment 
frequently depend on feeding equip- 
ment. 

Here, too, Dearborn can help you. 
a Your Dearborn Sales Engineer will 
=e > inventory your existing equipment... 
CHUREITTEEY CEIDERS Pte your plant layout...then make rec- 

TEST CABINETS ommendations to help you increase 

coouns cons efficiency by including a pump or 

Tumaes timer...a test cabinet...or an auto- 
now comes: fens matically controlled feeding system. 
Ask for Bulletin 5000. 


ff COMBATTING CORROSION 
EVERYWHERE SINCE 1887 


TRADE MARK 


DEARBORN CHEMICAL COMPANY -: Merchandise Mart Plaza, Chicago 54, Illinois 


OY-PASS FEEDERS 
PROPORTIONING FEEDERS 
Pum—rs 
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Water Problems 


Dearborn 
polyamide anti-foams 





Equipment-damaging sludge forma- 
tions in feed lines, heaters, generators 
can be eliminated with Dearborn 
Polyamide Anti-Foam No. 659. 
Prevents carry-over of suspended and 
dissolved solids...conditions sludge 
...is compatible with other treatment. 
Dearborn Bulletin 5008 demonstrates 
how you can have this purer steam. 











Greater Pittsburgh airport is 
protected by Dearborn’s 
anti-corrosion services 


To eliminate corrosion and reduce maintenance 
expense, the new, greater Pittsburgh Airport 
relies on many Dearborn water treatment and 
Dearborn Filmeen to rust preventive products and services. Your 
Dearborn Sales Engineer will do the same for 


prevent return line corrosion you...call him...no obligation, of course. 


Replacement of valuable parts—destroyed after 
but a short service life—could have been prevented 
with Dearborn Filmeen...an exclusive Dearborn 
development that forms a continuous amine-type 
film on return lines to prevent corrosion. Dearborn 


Bulletin 5013 tells the complete story. Dearborn Chemical Company, Dept. INP 


Merchandise Mart Plaza, Chicago 54, Ill. 

Please send me: 

CD Bulletin 5000 [J Bulletin 5013 

CJ Bulletin 5008 (1) Have a Dearborn 
Sales Engineer call 





DEARBORN ALSO SUPPLIES 


Company 


@ New, High-Capacity Exchange Minerals 


Position 


@ De-lonizing Systems and Zeolite Softeners 
@ Dearsol—The New Fuel Oil Additive 


Address 


Goa cccscsecevcceesestse 
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Every Gasket an 
EXPANSION JOINT 


Ajax Spiral Wound Gaskets are literally just 
that. The live-spring action of the U-shaped 
metal plies—like the convolutions of tiny 
expansion joints—give and take with varying 


pipe line or boiler stresses to seal joints tight 
at safe bolt loads, and keep them tight under 
all operating conditions. 


There are types and sizes for all standard 
flanges and for manholes, handholes and tube 
caps of all makes of stationary and marine 
boilers, waterwalls, economizers and other 
boiler accessories. 


Materials of construction include plated low 
carbon steel or stainless, Canadian or Blue 
African asbestos or chemically inert Teflon. 
Sold universally through industrial distribu- 
tors. Ask your supply house or write— 


U ay . 5 E D FABRICATORS OF “TEFLON” & “KEL-F" FOR THE 
s TAT E s CHEMICAL PROCESS & ELECTRONIC INDUSTRIES 


GASKET | camomw: NEW JERSEY 
COMPANY 

















Readers’ guide to 


advertised 
products 


(Continued from page 109) 





Load Center System 522 
Bull GEA-3592 contains data on G-E 

load-center system. General Electric Co 

p 28, 29. 

Metal-Clad Switchgear 523 


Bull 7004-B contains complete details 
on I-T-E Metal-Clad switchgear. I-T-E 
Circuit Breaker Co. p 10, 11. 


Adv. p % contains data on Worthington 
dual fuel engines. Worthington Corp., En- 
gine Div 


FUELS & FIRING EQUIPMENT 


Coal 

See adv. p 37 for information on bitumi- 
nous coal. Bituminous Coal Institute. 
RotoGrate Stokers 524 


Bulletin contains information on Detroit 
RotoGrate stokers. Detroit Stoker Co. p 
35 


HEAT EXCHANGER EQUIPMENT 


Decerators 
Adv. p 56 contains information on 
Worthington deaerators. Worthington 
Corp., Steam Power Div. 
Instantaneous Water Heaters 525 
Engineering data available on instan- 
taneous water heaters. Pick Mfg. Co. p 
122. 
Water Heaters 
Adv. p 36 contains data on P-K hot 
water storage heaters. The Patterson- 
Kelley Co., Inc. 
Condensers 526 


Bulletin RC-1 contains data on Vogt 
horizontal and vertical types shell and 
tube condensers for every service. Henry 
Vogt Machine Co. p 113 


LUBRICANTS, LUBRICATION, 
OIL FILTERS & PURIFIERS 


Rubilene Oil 
Adv. p 55 contains data on Sinclair Rubi- 
lene oil. Sinclair Refining Co. 
Lubricant 
Adv. p 51 describes Standard HD oil 
Standard Oil Co. (Indiana). 
Lubricant 527 
“Lubriplate Data Book”, a valuable 
treatise on lubrication. Lubriplate Div., 
Fiske Brothers Refining Co. p 140. 
Lubricant 


Adv. p 142 contains data on Texaco 
Ursa oil. The Texas Co. 


MECHANICAL POWER TRANSMISSION 
Variable Speed Pulleys 528 

Catalog and engineering data available 
on Lovejoy variable speed pulleys. Love- 
joy Flexible Coupling Co. p 136. 


(Continued on page 114) 
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forizontal Multipass Condensers 
(Closed Type) 


Water circulated in tubes traverses 


i ~ 
‘ the length of the unit a number of 
h times as determined by baffles in 

m = the heads. 


and 
REFRIGERATION COST 


Vogt Condensers, because of their correct design, 
STEP UP the rate of heat transfer and STEP DOWN 
head pressures. With the liquid delivered at a lower 
temperature, smaller compressor capacity is needed, 
saving in original as well as operating costs. 


One of the two basic types illustrated will fit 
your operations exactly. Install Horizontal 
Multipass (closed type) for use with clean 
waters. Where the water is hard, forms scale, 
contains mud or promotes fungus growth, 
Vertical Single Pass (film type) which can 

be cleaned in operation, are recommended. 


Vertical Single Pass 
Conden 


sers 
(Film Type) 


Patented ferrules give 
equal distribution of water 
to and over the surfaces of 
all tubes in a unit, 


HORIZONTAL and 
VERTICAL TYPES 
SHELL and TUBE 
CONDENSERS 
For Every Service 


Write For Bulletin RC-] 


Bettory of eight 42x 16'-0" f HENRY VOGT MACHINE COMPARY 


Vertical, Single Pass, Con- INCORPORATED 


densers at Armour and ; 1008 W. ORMSBY ST. LOUISVILLE 18, KY. USA 
Company, National Stock- Branch Offices: MEW YORK, CHICAGO, CLEVELAND, DALLAS, 
yards, Illinois. : ; ? ; PHILADELPHIA, ST, LOUIS, CHARLESTON, W. VA. 


Voot REFRIGERATION CONDENSERS 
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e three ways on steam 


with Continental 


AUTOMATIC BOILERS 


tion, fuel and maintenance! 


Complete size range 
from 10 to 500 HP, 
high or low pressure 


You save on the installation of Continental Automatic Boilers . . . 
Factory assembled and shop-fire tested, they are ready to operate 
after simple service connections in your plant. No special stack 
or foundation required. 

You save on fuel with Continental Automatic Boilers . . . An ex- 
clusive firing method——U.S. and foreign patents pending—controls 
the mixture of fuel and air for uniform flame of high radiancy, 
giving a high heat transfer at a guaranteed efficiency of 80% plus! 
Built-in steam separator of special design assures steam 99% 
dry! Heat generated by the fuel——heavy or light oil, gas or a 
combination—is transferred direct to the boiler water, instead of 
being wasted in heating a refractory firebox. 

You save on maintenance with Continental Automatic Boilers . . . 
No baffles or refractory to replace or repair. This means front and 
back covers can be opened to provide quick, easy access to furnace 
and tubes. 

Continental Automatic Boilers are of rugged, built-to-last con- 
struction and improved precision design gained by 40 years of 
practical boiler building. Hundreds of these highly efficient boilers 
are setting records in economical, dependable and trouble-free 
service throughout the U.S. and Canada. 


Why not find out how Continental can save you money on steam? 
Call or write today for full information. 





BOILER ENGINEERING 


AND SUPPLY COMPANY, INC. 


1 Manavon Street « Phoenixville, Pa. 
40 Years of Boiler Experience 











Readers’ guide to 
advertised 
products 


(Continued from page 112) 





Grommet V-Belts 529 

Coupon on p 103 offers set of reports 
telling users’ experience and showing ac- 
tual installations of grommet belts. The 
B. F. Goodrich Co. 


PACKAGED STEAM GENERATORS 
Superior Steam Generators 530 
Catalog 502 contains complete details on 


Superior packaged steam generators. Su- 
perior Combustion Industries Inc. p 141. 
Packaged Steam Boilers 531 
Catalog fully illustrates and describes 
Cleaver-Brooks steam boilers. Cleaver- 
Brooks Co. p 43. 
Amesteam Generator 532 
Free bulletin contains data on the 
Amesteam generator. Ames Iron Works. 
p 118. 
Packaged Automatic Boilers 
Information available on Continental 
packaged automatic boilers. Boiler Engi- 
neering & Supply Co. p 114. 
PACKING AND GASKETS 
Packings 534 
6-page guide, “Johns-Manville Packings 
for the Power Plant” available. Johns- 
Manville Corp. p 104. 
Packings 535 
Catalog contains complete information 
on R/M packings. Raybestos-Manhattan, 
Inc., Packing Div. p 34. 
Gaskets 
Adv. p 112 contains data on Ajax spiral 
wound gaskets. United States Gasket Co. 





HOW TO REQUEST FREE LITERATURE 


Insert “key” numbers on return post card 
found on page 107. For quick reference 
to free literature offered by advertisers 
in this issue, refer to listing on page 118. 
Our Reader's Service Department will 
handle your request promptly. 





PIPE, TUBING & HOSE 

Pipe Hangers 536 

Catalog contains data on adjustable pipe 
hangers and supports for every piping re- 
quirement. Grinnell Co., Inc. p 57. 
Wrought Iron Pipe 537 

Available bulletin “The ABC's of 
Wrought Iron” with complete data. A. M 
Byers Co. p 31. 
industrial Hose 

Adv. p 49 contains data on hose for any 
industrial need. New York Belting & 
Packing Co. 
Flexible Metal Hose 537 

Cat 500 contains data on seamless and 
interlocking hose in bronze, steel, and 
stainless steel. Atlantic Metal Hose Co. p 
117. 
Insulated Piping 

Adv. p 130 contains data on Ric-wiL pre- 
fabricated insulated piping. The Ric-wiL 
Co. 
Piping Layouts 539 

Piping Layout No. 64 contains detailed 
information. Jenkins Bros. p 9. 
Expansion Joints 

Adv. p 62 contains information on gun- 
pakt expansion joints. Yarnall-Waring Co 
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Controlled Volume Pumps 540 
Information available on Milton Roy 

controlled volume pumps for boiler water 

treatment. Milton Roy Co. p 45. 

Pumps 541 
Bulletin LG contains data on complete 

line of IMO pumps. DeLaval Steam Tur- 

bine Co. p 4. 


Pumps 
Adv. p 61 contains data on DMV and 


DHV line of I-R pumps. Ingersoll-Rand 
Co 


REFRACTORY CONCRETES 
Refractory Concrete 542 


Information available on Lumnite for 
refractory concretes. Lumnite Div., Uni- 
versal Atlas Cement Co. p 44. 

Insulating Cement 543 

Coupon on p 136 offers catalog, prices 
and free sample of Stic-Tite insulating 
cement. Refractory & Insulation Corp. 
Refractories 

Adv. p 33 gives information on Kaocast 
refractories. Babcock & Wilcox Co., Re- 
fractories Div. 


SOOT BLOWERS AND TUBE CLEANERS 


Tube Expanders 
See adv. p 140 for information on triple- 
purpose tube expanders. The Gustav Wie- 
deke Co. 
Tube Cleaners & Expanders 544 
Full details on Airetool tube cleaners 
and expanders. Airetool Mfg. Co. p 130 


STEAM SPECIALTIES 


Steam Traps 545 

44-page steam trap book contains com- 
plete data on Armstrong trap design and 
operation. Armstrong Machine Works. p 
2 


Steam Traps 546 
Adv. p 131 offers catalogs: traps—600; 

separators—500; boiler trim—700. Wright- 

Austin Co. 

Traps 547 
Catalog 751 (or see Sweet's) tells all 

about freeze-proof steam traps. W. H 

Nicholson & Co, p 132. 


TOOLS 


Concrete Drill Bit 548 
Literature and prices available on RCD 
concrete drill bit. Rotary Concrete Drill 
Co. p 117. 
Pipe Tools 549 
Catalog contains complete data on To- 
ledo pipe tools and power pipe threading 
machines. The Toledo Pipe Threading Ma- 
chine Co. p 124. 


Proto Tools 550 


Send 10c for 68-page catalog of Proto 
tools. Plomb Tool Company. p 6 


Snap-On Tools 551 


Industrial and general catalog of 4,000 
hand and bench tools. Snap-On Tools Corp. 
p 135 


TRANSFORMERS 


Transformers 
Adv. p 126 contains information on Acme 
stepdown transformers. Acme Electric Co 


TURBINES 
Turbines 552 
Bull 135 contains data on Coppus tur- 


bines from 150 hp to smallest size. Coppus 
Engineering Corp. p 25 


(Continued on page 116) 





ON THESE TWO INSTALLATIONS 


pt ssunes Oh FLY ASH 
70" 10M Efficiency 


LEFT: The 264,000 kw 
units) J. Clark 


Ontario at Windsor, 
Canada. H. G. Acres & 
Co., Niagara Falls, 
Ontario, Consulting 
Engineers. 


RIGHT: The 400,000 kw 
wed units) Richard 


Here’s on-the-job proof that Aerotec Series Mechanical-Electrical Dust 
Collectors are used for continuous efficiency. Guaranteed 97.5%, at normal 
full load the overall efficiency is anticipated as high as 99%, at these two 
Canadian generating stations of The Hydro-Electric Power Commission of 
Ontario. Aerotec Series Collectors serving each plant combine a design 3RAS 
Mechanical and an Electrical Precipitator. 

In the Mechanical unit, small diameter, permanent molded aluminum 
tubes provide high efficiency. Exclusive Aerotec pocket type collecting elec- 
trodes in the Electrical Precipitator reduce reentrainment of dust in the gas 
stream, contributing to a sharp improvement in stack appearance. The com- 
bined actions of these units assure maximum dust collection efficiency. 
Many Aerotec Series installations verify that fact. 

Your plant can eliminate dust nuisances with 
Aerotec equipment just as many well-known 
companies have done. This highly successful 
performance is a reliable measure of Aerotec 
ability to solve your dust collection problems. 

Write our Project Engineers today! 


Project Engineers 
THE THERMIX CORPORATION 
GREENWICH, CONNECTICUT 
( Offices in 38 Principal Cities ) 
Canadian Affiliates: T. C. CHOWN, LTD. 
Mentreal 25, Quebec Terente 5, Ontarie 


THE AEROTEC CORPORATION 


GREENWICH, CONN. 
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Niagara’s HYGROL 
DRIES AIR BEST 


with exact moisture content 


to control your product’s quality 


to prevent condensation on your product or material 


to prevent changes due to moist air in contact with your product 


to protect your material from dampness 


to protect your processing of moisture-sensitive material 


to pack or store your product safe from moisture damage 


to get exact moisture control for the precise atmosphere 


condition you need 


to provide precise atmospheric conditions for testing 


to increase your air conditioning capacity 


& 
> 
> 
> 
> 
p to DRY your material or product 
> 
. 
e 
> 
> 


to DRY large quantities of fresh air from outdoors 


The Niagara’s Controlled Humidity Method using 
HYGROL moisture-absorbent liquid is 


Best and most effective because . .. it re- 
moves moisture as a separate function 
from cooling or heating and so gives a 
precise result constantly and always. 
Niagara machines using liquid contact 
means of drying air have given over 20 
years of service. 


Most reliable because ... the absorbent 
is continuously reconcentrated automat- 
ically. No moisture-sensitive instruments 
are required to control your conditions. 


Most flexible because . . . you can obtain 
any condition at will and hold it as long 
as you wish in either continuous produc- 
tion, testing or storage. 


Easiest to take care of because .. . the 
apparatus is simple, parts are accessible, 
controls are trustworthy. 


Most compact, taking less space for in- 
stallation. 


inexpensive to operate because ... no 
re-heat is needed to obtain the relative 
humidity you wish in normal tempera- 
ture ranges and frequently no refrigera- 
tion is used to remove moisture. 





The cl tb .+.no solids, salts 
or solutions of solids are used and there 
are no corrosive or reactive substances. 


Niageora Controlied Humidity 

Air Conditioning 
This method removes moisture from air 
by contact with a liquid in a small spray 
chamber. The liquid spray contact tem- 
perature and the absorbent concentra- 
tion, factors that are easily and positively 
controlled, determine exactly the amount 
of moisture remaining in the leaving air. 
Heating or cooling is done as a separate 
function. 


For complete information write 


NIAGARA BLOWER COMPANY 


Dept. IP, 


405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of United States and Canada 





Readers’ guide to 


advertised 
products 


(Continued from page 115) 





Steam Turbine Generators 
Adv. p 53 contains data on Worthington 
steam turbine generators. Worthington 
Corp., Steam Turbine Div. 
Turbines 553 
Bull S-116 describes Terry solid-wheel 
turbine. Bull S-146 describes multistage 
turbines. The Terry Steam Turbine Co 
p. 40. 


VALVES 


Pump Valves 554 
Catalog gives 4 ways to cut pump re- 
pairs. Sims Pump Valve Co. p 117 
Butterfly Valves 556 
Valve catalog contaims data on Rockwell 
butterfly valves. W. S. Rockwell Co. p 140 
Gate Valves 557 
Bulletin describes Darling revolving Disc 
gate valves. Darling Valve & Mfg. Co. p 
42. 
Blow-Off Valves 558 
Cat 12-D completely describes Edward 
blow-off valves. Edward Valves, Inc. p 22, 
23, 





HOW TO REQUEST FREE LITERATURE 


Insert “key” numbers on return post card 
found on page 107. For quick reference 
to free literature offered by advertisers 
in this issue, refer to listing on page 118. 
Our Reader's Service Department will 
handle your request promptly. 





Valves 
Adv. p 7 contains information on Crane 
valves. Crane Co. 
Gate Valves 559 
Cat No. 10 describes Chapman List 960 
forged steel gate valves. The Chapman 
Valve Mfg. Co. p 50. 


WATER TREATMENT 


Return Line Corrosion 560 
Tech. Bull 124 describes Betz filming 
amine treatment. W. H. & L. D. Betz. p 17. 
Water Conditioning 
Adv. p 52 contains data on Worthington 
water softening systems. Worthington 
Corp., Water Treating Div. 
Woter Treatment 56) 
Further details available on Nalco water 
treatment security. National Aluminate 
Corp. p 13. 
Water Treatment Plants 562 
Bulletins available on manual and auto- 
matic water treatment plants. Hunger- 
ford & Terry, Inc. p 139. 
Water Conditioning 563 
Free copy of “Trends in Application of 
Deaerating Heaters for Treatment of Boil- 
er Feedwater”. Graver Water Condition- 
ing Co. p 32. 
Water Treatment 564 
Free data sheet available on Bird-Arch- 
er’s Concentrol Anti-foam. Bird-Archer 
Co. p 6. 
industrial Water Treatment 565 
Coupon on page 111 offers bulletins on 
Dearborn polyamide Anti-Foams and in- 
dustrial water treatment. Dearborn Chemi- 
cal Co. 
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DRILL CONCRETE 


RCD Drill Bit for use with 
rotary electric or air drills 


Drills perfect, precision holes 

even in reinforced concrete. 

Super fast and easy (6” deep 

hole in 1. minute!) Pays for 

itself in time-savings. Made 
last. 


Widely used for the past 
five years by most of the 
largest U. S. corpora- 
tions, manufacturers, 
and utilities, as well as 
thousands of smaller 
firms, installation men, 
contractors, electri- 
cians, plumbers, etc. 
Superior concrete 
drilling plus longer 
drill bit life due to 
FREE factory re- 
sharpening service 
keeps them sold. 
Personalized guarantee given 
to every RCD Drill Bit user 
If dealer cannot supply (or service), buy direct. 


Send for illustrated literature and price list 


ROTARY CONCRETE DRILL CO. 


650 S. Arroyo Parkway, Pasadena 1, Calif. 


i \ |. 


" 


+— 
= 


HENSZEY Zeed Water METER 
STANDS UP were others FAIL 


The cutting, abrasive action of 
hot, dirty Boiler Blowdown quick- 
ly breaks down meters that de- 
pend upon close clearances and 
intricate parts for their accu- 
racy. Henszey Meters stay ac- 
curate—stay on the job—accu- 
rately measuring Boiler Blow- 
down, Feed Water, Condensate, 
Free-Running Chemicals and 
other “hard-to-measure™ liquids. 
For details consult Sweet's Cat- 
alog or write: 


HENSZEY CO., Dept. A-1, WATERTOWN, WISCONSIN 











HENSZEY 


FEED WATER METERS 


Continuous Blowdown ® Distillation Systems © Heat Exchangers 
Boiler Feed Regulators © Fiow Indicators ® Proportioning Valves 
also MILK EVAPORATORS and PRE-HEATERS 





HOW YOU CAN MAKE 


Worn seats and valve discs, 
broken springs and stems are 
eliminated with Sims Pump 
Valves. Sims valves cure fre- 
quent pump repair headaches 
with exclusive design features. 
They're guaranteed to give you 
better pump performance 


You get lenges service from 
seats and discs se of 
rotating disc that changes to 
a@ new seating-surface every 
time it opens. Valves can't 
hammer up and down. 


Inclined rib seat and shock- 
absorber stem heads combine 
to porate increased speed 
without valve-knock. Capac- 
ity can be increased 40% and 
more. 


Low resistance through seat 

reduces turbulence — gives 
rotection against vapor 
inding 


Long guide gives even lift — 
reduces wear. Spring is pro- 
tected against jamming 


Write for new catalog show- 
Suey and ge betes Sone 
pump 7 pump 
performanc 


145 HUDSON ST., NEW YORK 13, N. Y. - M&M BLDG. HOUSTON, TEXAS 


Atlantic Flexible Metal 
Hose Offers 


due to VIBRATION, 
MISALIGNMENT, 
EXPANSION, 
CONTRACTION. 


—and is better for conveying 
» steam, gases, molten 
chemicals, oils, refrigerants, 
\ tars, aspholt, alkalies, gaso- 
1 line, light or semi-solids. 
Seamless or Interlocking 
, construction in steel, stain- 
less steel, bronze, '/g"— 
36" 1.D. with appropriate 
fittings. 
Write for Bulletin 500. 
See our Catalogs in 
Sweet's Files for 
Product Designers 
and Mechanical Industries. 


" Atlantic Metal Hose Co., Inc. 


124 W. 64th St., New York 23, N. Y. 
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IT'S READY TO INSTALL 
AND START MAKING 


~ 
- 
- 


CZ ilow Cost Sieanl 


20 SIZES... 
10 to 600 h.p... 
15 to 200# OIL OR GAS 


AMESTEAM 


GENERATOR 


This automatically controlled 
packaged boiler unit includes: 


% all piping and wiring, ready for your service 
connections. 

% fan, feed water pump, condensate tank, injector, 
blow-off valve, necessary refractories, insulation 
and metal jacket. 

ALL YOU NEED is fuel tank, gas vent and service 
connections. 


—AND YOU KEEP RIGHT ON SAVING 
"\ with these trouble-free, fully automatic 

units with their eye-level controls, their 

accessibility inside and out, and fuel- 

saving 80% guaranteed efficiency! 


| NAME 
COMPANY 


| ADDRESS 
IRON 


AMES WORKS 


OSWEGO, N. Y. 


Boilers 


BOX G-13 


Builders of Better Since 1848 


118 


QUICK REFERENCE TO BULLETINS & CATALOGS 
OFFERED BY ADVERTISERS IN THIS ISSUE 
List “Key Numbers" on the postal card on page 107 





130 
118 


17 
17 
60 
48 
31 
127 


26 
50 
3 
25 


42 


4 
35 


58 


22 


140 


28 
103 
32 


57 


Advertiser 


Airetool Mfg. Co. 
Ames tron Works 
Armstrong Machine Works 
Atlantic Metal Hose Co. 


Betz, W. H. & L. D. 
Bird-Archer Co. 
Buell Engineering Co. 


Byers Co., A. M. 
Bigelow Company, The 
Bussmann Mig. Co. 


Canton Stoker Corp 
Chapman Valve Mfg. Co., The 
Cleaver-Brooks Co. 

Coppus Engineering Corp. 


Darling Valve & Mfg. Co 
Dearborn Chemical Co. 

De Laval Steam Turbine Co. 
Detroit Stoker Co. 


Economy Fuse & Mfg. Co. 
Edward Valves, Inc. 


Felt Products Mfg. Co. 
Fiske Bros. Refining Co. 
Flexrock Co. 


General Electric Co. 
Goodrich Co., The B. F 
Graver Water Conditioning Co 


Grinnell Co., Inc 
Hungerford & Terry, Inc. 
1-T-E Circuit Breaker Co 


Jenkins Bros. 
Johns-Manville Corp. 


Kirk & Blum Mfg. Co., The 
Klemp Metal Grating Corp. 


Leslie Co. 
Liquidometer Corp., The 
Lovejoy Flexible Coupling Co. 


Mercoid Corp., The 
Milton Roy Company 


National Aluminate Corp 
Nicholson & Co., W. H. 


Pick Mfg. Co. 


Piomb Tool Company 
Raybestos-Manhattan, 
Packing Div. 
Refractory & Insulation Corp. 
Research Corporation . 
Rockwell Co., W. S. 
Rotary Concrete Drill Co. 
Rust-Oleum Corp. 


Inc., 


Sarco Co., Inc. 

Schramm, Inc. 

Sims Pump Valve Co. 

Smooth-On Mfg. Co. 

Snap-On Tools Corp. 

Spence Engineering Co. 

Superior Combustion Industries, 
Inc, 


Terry Steam Turbine Co., The 

Toledo Pipe Threading 
Machine Co., The 

Vogt Machine Co., Henry 

Western Precipitation Corp 

Wickes Boller Co., The 

Wright-Austin Co 


Yarnall-Waring Co 


Catalog 


Tube cleaners & expanders 
Amesteam generator 
Steam trap book 

Flexible metal hose 


Return line corrosion 

Concentrol Anti-Foam 

“The Collection and Recovery of 
Industrial Dusts" 

“The ABC's of Wrought Iron" 

Boilers 

Dual-element fuses 


Coal & ash handlitg equipment 
Forged steel gate valves 
Packaged steam boilers 
Turbines 


Gate valves 

Industrial water treatment 
IMO pumps 

RotoGrate stokers 


“Economy-Delay” renewable fuses 


Blow-Off valves 


Fel-pro thread compound 
Lubriplate data book 
Floor patch handbook 


Load center system 
Grommet V-belts 


“Trends in Application of Decerat- 


ing Heaters for Treatment of 
Boiler Feedwater” 
Pipe hangers 


Water treatment plants 
Metal-Clad switchgear 


Piping layout 
“Johns-Manville Packings for the 
Power Plant’ 


Dust control systems 
“Instructions for Laying Kiemp 
Hexteel and Floorsteel" 


Temperature regulators 
Tank gage 
Variable speed pulleys 


Pressure controls 
Controlled volume pumps 


Nalco water treatment 
Steam traps 


Instantaneous water heaters 
Proto tools catalog (cost 10¢) 


R/M packings 
Insulating cement 
Electrical precipitators 
Butterfly valves 
Concrete drill bit 
Stops Rust 


Temperature control 
Stationary air compressors 
Pump valves 

Repair handbook 

Industrial and general tools 
Regulators 


Steam generators 

Terry turbines 

Pipe tools & power pipe thread- 
ing machines 

Condensers 

Fly ash recovery 


Steam generators 
Steam traps 


.Water gages & illuminator 


Key No. 


544 
532 
545 
537 
560 
564 


537 
507 
50? 


559 
531 


530 
553 
549 
526 
502 
505 
546 
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ACCURACY 
of Repl ne 


| = as the champion bowler maintains top 
control when he chalks up a “strike”, the Leslie 
team wraps up perfect performance in LESLIE 
Temperature Regulators. 


There’s a LESLIE Regulator for every tempera- 
ture control problem—designed to meet the de- 
mand for accurate, reliable, constant temperature 
regulation. 


It will pay to explore the advantages of — 
@ Single Seated Construction 

@ Calibrated Dial Adjustment 

@ Duomatic Control 


@ Liquid Filled Elements 


@ Other Leslie Features 


All described in Bulletin 464, 
available on request. i : 


: a 


See : 
BES ve aa 
: a> a 


ae EE ge i> 


LESLIE CO., 263 Grant Avenue, Lyndhurst, New Jersey 


QuALITY Ne ee emek e 
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pol 
news 


Plastic Pipe Is Installed as 
Underground Conduit for Power Lines 

In a test project undertaken by Kingsport Utilities, 
Kingsport, Tenn., extruded Tenite plastic pipe was used 
for the first time as underground conduit for power lines. 
The trial installation, in cooperation with Tennessee East- 


man Co., was made in a city block where the power 
company has put in a 5-light White Way. Characteristics 
of plastic pipe, such as flexibility, ease of installation, cor- 
rosion resistance, high impact strength and light weight, 
are reported as reasons for the experiment. 

Plastic pipe in 20 ft lengths was used instead of the 
regular 5 ft sections of asbestos and cement type conduit. 
Due to the pipe’s flexibility, the trenches did not require 





The Cover—Natural Gas 


Texas Eastern's 24 in. pipeline, the famous "Big 
Inch", originates near Longview, Texas and extends 
1254 miles to Phoenixville, Pa., where it reduces 
to a 20 in. line leading to its terminal point at 
Linden, N. J. 

Along the way are numerous stations that were 
installed to provide booster pressure for transporting 
the natural gas to its destination. Included at these 
stations is the equipment necessary to clean and 
cool the gases as they are compressed. Here are 
a group of vertical gas scrubbers at Station G, 
near Fordyce, Ark. 

Acknowledgment is made to the Texas Eastern 
Transmission Corp. for permission to reproduce this 
months cover from "The Inch”. 











Short, “boiled-down" paragraphs on the 
most interesting recent events and devel- 


opments in American industrial plants 


the straight sides and base needed for the usual rigid 
type of conduit. Joining was a speedy job, too. Before sip 
ping together, a thinner was used to soften the section ends, 
followed by a coat of special cement. After 30 min drying, 
the joints were strong as the pipe itself. 

It required 20 min for two men to lay 247 of the 1100 
ft of pipe. By comparison, it was stated that it would have 
taken 4 hr to lay the regular rigid conduit. While tamping 
the backfill, it also was observed that the plastic pipe did 
not break when struck by a tamping bar, as so often happens 
with conduit types normally used 


Crown Products Picks 
Motors To Match Jobs 


Motors featuring a wide variety of mechanical construc- 
tions and electrical characteristics are offered as standard 
equipment by manufacturers. Specifying the best motor to 
a a particular job therefore requires more than merely 

nowing the horsepower required. A good example of 
effective engineering in the selection of motors is provided 
by Crown Products Co., a manufacturer of rubber products. 

At its plant in Ralston, Neb., Crown uses 170 motors 
totaling 1300 Mp. and ranging from ¥g to 300 hp. Equip- 
ment, ranging from standard machinery for the rubber in- 
dustry to special process equipment designed and built by 
the company, presents a wide variety of power requirements. 

In selecting motors, the company sought to standardize, 
wherever possible, on a type and make best suited to gen- 
eral operating conditions. Since considerable water is used, 


To drive this 60 in. rubber mill, requiring constant 
speed, engineers specified a 125 hp synchronous motor 


and talcum powder is found everywhere to keep the rubber 
from sticking, most of the units selected are of drip-proof 
design, manufactured by Fairbanks, Morse & Co. All have 
ball bearings sealed in cartridge type housings which require 
lubrication once a year. Because of a heavy operating 
schedule, heavy-duty units also were desirable. 


(Continued on page 122) 
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A Few of Many MULTICLONE Advantages! 


POINT 7) —It Saves Space! 


Plant spoce costs money. B the Multich 





makes really im- 
portent savings in space, it mokes similar savings in plant costs. 
The chart tells only part of the story becouse, in addition to being 
far more compact both in squore and cubic footoge, the shape of 
the Multiclone con be adjusted to fit various space requirements— 
either long and narrow, Reletive Spece Requirements 

short and wide, or tn Sqft. in Cu. F 

J A 
2 A 
‘ 3. 
68 3. 














tight spaces or waste 
areas too small for 


other equipment! 


POINT —It Recovers the ‘Fines’! at 


Becovse its exclusive vane design and smoll diameter 
tubes generate higher centrifugal forces, the Multi- 
clone recovers a large percentage of even the very 
fine porticles 10 microns and less os well os the 
heavier porticles. Multiclone’s high recovery of both 
small and large porticles means high overall col- 
lecting efficiency. 


POINT —It is Unusually Adaptable! 


> 

In addition to the shape odaptability outlined above, Multiclone’s 
inlet-outlet connections ore also readily odaptable to plont re- 
strictions. Where headroom is low, 

install the Multiclone with side-inlet, 

side-ovtlet. Where side clearances 

are smoll, use side-inlet, top-outlet 

arrangement. Or still other arrange- 

ments ore possible! 


POINT 4) —It is Simple! 


Both installation and mai of 
the Multicl are lly simple. 
For example, the Multiclone requires 
only a single inlet and a single outlet 
duct compared with the complicated 
multiple ducts of conventional cy- 
clones. This not only saves space— 
but is simpler and cheaper to install 
and insulate. Moreover, the Mullti- 
clone has no filters to replace, no 
high-speed moving ports to maintain, 
nothing to require frequent cleaning 
or repoir...and a single collecting 
hopper serves mony tubes! 


POINT a> —Still Other 
Advantages! 


The above odvantages are by no means the 
complete story on Multiclone savings. Get of! 
the facts before you decide on ony recovery 
installation. 
























































Multiclone 


Send for this Multiclone booklet! 


cot wert 
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ie AFTER YEAR~in plant after plant—one of the 
nation’s largest automobile manufacturers has selected 
Multiclone Collectors for recovering fly ash and dust in its 
many manufacturing divisions. This repeated selection of 
Multiclones—now totalling over 35 units—is high testi- 
mony to the many vital advantages found in Multiclone 
equipment. Check over some of these advantages as outlined 
at left... advantages that will save space—cut installation costs 
— boost recovery efficiencies — minimize maintenance and make 
other important savings on your recovery operations, too. 


Then consider this fact...Any one of these advantages is 
sufficiently important in itself to make Multiclone equipment the 
logical choice for your re- 
covery operations. But when 
you realize that the Mulkti- 
clone offers definite, clear- 
cut advantages on every 
qualification essential to 
maximum efficiency and 
economy in recovery opera- 
tions you have some idea 
of the far-reaching savings 
you will make by installing 
Multiclone. 


Let us give you further 
information on Multiclone 
recovery equipment. A let- 
ter, wire or phone call to 
our nearest office places the 
information in your hands 
without obligation. Get all 
the facts—and you'll get 
Multiclone! 


WESTERN 
CORPORATION 


ENCINEERS, DESIGNERS @ MANUFACTURERS OF EQUIPWENT FOR 
COLLECTION OF SUSPENDED MATERIALS FROM CASES @ LIQUIDS 


Main Offices: 1026 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
CHRYSLER BLDG., NEW YORK 17 * 1 N. Lo SALLE ST. BLDOG., CHICAGO 2 
1429 PEACHTREE ST. NE, ATLANTA 5 « HOBART BLDG, SAN FRANCISCO 4 
PRECIPITATION CO. OF CANADA. LTD., DOMINION SQ. BLOG., MONTREAL 





TO PROVIDE 


ANY VOLUME OF WATER 
AT THE TEMPERATURE REQUIRED! 


Here's the money-saving answer to hot water required for 


industrial needs. 


PICK Heaters provide hot water instantly 


— by steam injection. They're entirely automatic to provide 





NO STORAGE TANKS NEEDED 
Compact design permits tn- 
stallation In corners, on walls 
or overhead. 


EASILY CLEANED 
No coils. Can be cleaned In 


@ matter of minutes — without 
dismantling. 


Proved 
BY PERFORMANCE IN 


FACTORIES @ HOSPITALS 
LAUNDRIES @ BREWERIES 
DAIRIES @ TANNERIES 
CANNERIES 











MANUFA 


and accurately maintain tem- 
peratures up to 180° F. The 
exclusive Pressurizer Piston 
stabilizes injection pressure — 
eliminates pipe hammering 
and shaking. Available in 
seven sizes with rated ca- 
pacities of 10 to 200 gallons 
per minute. Greater volumes 
can be obtained by multiple 
installations. Installation is 
simple, requiring only ordinary 
pipe connections. 


For yaveeede J Details and 
cifications. Write Dept. IP-1 


RED BY 


PICK MANUFACTURING CO. 


WEST BEND, WISCONSIN, U.S.A 





Spot 
nev 


(Continued from page 120) 





Having standardized on some of the general character- 
istics, Crown concentrated on the specific power require- 
ments of each machine. First step in producing rubber is 
the blending of ingredients in a large mixer. A two- 
speed, squirrel cage induction motor was selected. Although 
normally operated at 450 rpm and 150 hp, it can be in- 
creased to 900 rpm at 300 hp to step up production. This 
constant-torque motor can be started across the line at full 
voltage with comparatively low starting current. 

Every 3 to 5 minutes, the mixer dumps a batch of ma- 
terial into a rubber mill. Here, the requirement is constant 
speed with no variation or slippage. A synchronous motor 
was selected, since it is unaffected by sharp variations in 
load. Synchronous motors also were used, whenever pos- 
sible, to improve power factor. 

In another instance, a tuber is used to extrude such prod- 
ucts as hose and gasket stock. Speed of the unit must 
be varied with changes of product size and viscosity of the 
material. To provide flexibility of speed control, Crown 
selected a 30 hp d-c motor with speeds from 400 to 1200 
rpm in 20 intermediate steps. 

In designing a special machine to make fan belts, serious 
space limitations were encountered. An axial air gap motor 
occupying about a third the space of conventional types was 
chosen. In still another instance, an explosion-proof motor 
was called for because of hazardous fumes. 

From Crown's point of view, the most important consid- 
eration in motor operation is dependability and continuity 
of service. Since motor failure, in many cases, causes rub- 
ber to freeze in the machines, success of the company’s motor 
policy is best measured by the fact that the plant has ex- 
perienced only one motor failure, and that occurred more 
than niné years ago. 

—End 





TRANSFORMERS ARE DESIGNED FOR LOW NOISE LEVEL 


Dry-type transformers in two power centers at Massachu- 
setts Institute of Technology were specially designed by 
Westinghouse Electric Corp. to operate quietly. By using 
more iron in the cores, thus reducing flux density, sound 
level of both units was reduced to 60 db. Units are rated 
1000 kva at 13.8 kv and 200 kva at 2.4 kv 
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heating problem here? 


Negative pressure resulting from 


Drafty doorways that let in big 
exhaust fans, sucks in cold air. 


blasts of cold air, 


Cold windows that pour chilling 


Lerge areas that consume ex- 
drafts down on the floor. i 


Processing needs that require 
cessive amounts of heat. 


high temperatures. 


There's a Trane unit heater here to solve it! 


r 


Ventilating Heater 


Roof hood, with 
heating section op- 
tional, provides 
make-up air; solves 
negative pressure 
problems. 


Model H Unit Heater f Force-Fle Heater 


. with exclusive 
louver fin diffuser, 
puts heat where it’s 
needed, whenever it's 
needed. 


. . gives you a large 
volume of heated air 
from a handsome 
compact unit. 





Torrider 

... blower-type, 
delivers large vol- 
umes of heated air 


Projection Heater 


with exclusive 
louver cone diffuser, 
projects ceiling heat 


Gas-Fired Unit Heater 


rugged, built like a 
r. Brings you new 


efficiency and economy in 


long distances, with gas-fired heating. 


to floor accurately, 
or without ducts. 


powerfully. 


To get the right kind of heat—choose from the line that’s most complete 


You'll find that these six TRANE Unit Heaters, 


together with the two exclusive diffusers, give you 4 
the one right combination for any unit heater appli- ll ni Bd er. 
cation. 

And that’s the secret of efficient, economical 


heat—getting the right heater for the job. 
see your nearest I RANE sales engineer, or write The Trane Company. La Crosse, Wis. «¢ Eastern Manufacturing Division, Scranton, Pennsylvania 
TRANE, La Crosse, Wis. Trane Company of Canada, Limited, Toronto, Ontario « 80 United States and 14 Canadian Offices 


MANUFACTURING ENGINEERS OF AIR CONDITIONING, HEATING AND VENTILATING EQUIPMENT 


INDUSTRY AND POWER * January 1953 123 





TOLEDO 


THREADERS AND 
POWER DRIVES 


guar Ly / 


Sure enough—the street scene at 
right is really Broadway, N.Y.— 
where the mechanic is operating 
a Toledo Power Drive and No. 2 
Geared Threader. This job of 
installing new 3” red brass for 
water service from the city main 
was handled by Water and Sewer 
Service Co. 

Time was important on this 
job—as a trench was dug in the 
street and traffic had to detour. 

Time was saved by ms -speed 

erformance of the Toledo 

ower Drive operating Toledo 
eared tools! This also mears 
labor-saved ... and money saved 
for the contractor! 

Wherever the job—in shop, ¢ 
plant or in the field—you can 
Speed up Pipe fitting and reduce 
costs with Toledo Tools! Pre- 
cision-built . . . dependable. 
Order through your supply 
house. Write for catalog. The 
Toledo Pipe Threading Machine 
Co., Toledo, Ohio. New York 
Office: 165 Broadway, Room 
1310. 


RELY ON THE 50 


Toledo Power Drive operatin a Toledo No. 


2 Geared Threader on 3” 


red 


rass for water 


service at 217 Broadway, New York City. 














No. 2 geared adjustable threader, 2%” to 4” 
pipe, incl. Lighter weight than any other tool 


this capacity! 





No. 2BR Geared 
Adjustab 1 ° i. 
Threader, 2%” 

4”’ pipe, incl. New 
type 3-jaw pipe 
holder. 











YEAR LEADER 


ey 


of men and companies 








Allis-Chalmers Manufacturing Co— 
Establishment of a new Akron branch 
of the Cleveland district office of the 
general machinery div under the man- 
agement of Fred C. Timberman is an- 
nounced. The new office is located in 
the First National Tower in Akron. 


Allis-Chalmers Manufacturing Co.— 
A. Talbert is named an application en- 
gineer in the water conditioning sec- 
tion. R, L. Baseley and D. Sleeman 
are newly named to the substation and 
control sales sections, respectively. 


American Leather Belting Associa- 
tion—Elected the following officers to 
serve for the year 1953: President, P. 
G. Rhoads, partner, J. E. Rhoads & 
Sons; Vice-President, Wm. F. Mac- 
Donald, president, E. F. Houghton & 
Co.; Treasurer, A. H. Rahmann, presi- 
dent, George Rahmann & Co.; Execu- 
tive Vice-President and Secretary, E. 
R. Rath. 


American Society of Mechanical En- 
gineers—The election of F. S. Blackall, 
Jr., president and treasurer of the Taft- 
Peirce Manufacturing Co., as president 
of the society is announced. The elec- 
tion of four regional vice presidents 
and two directors-at-large was also an- 
nounced. The regional vice presidents 
elected are H. R. Kessler, mgr, Repub- 
lic Flow Meters Co.; P. R. Yopp, dis- 
trict sales mgr, The Babcock & Wilcox 
Co.; B. G. Elliott, professor of mechan- 
ical engineering, University of Wis- 
consin; and H. R. Pearson, personnel 
director, Dallas Power and Light Co 


Bigelow-Liptak Corp.—H. A. Janke, 
formerly chief draftsman is promoted 
to field service engineer, Other ap- 
pointments include R. W. Jones as 
asst chief engineer, M. R. Huntton 
as chief draftsman and C, E. Wrobel 
as asst chief draftsman. 


BullDog Electric Products Co.—Pro- 
moted two sales executives: they are 
M. C. Nelson, promoted to associates 
regional mgr, and H. D. Ogden who 
succeeds Nelson as administrative asst 
to the sales mgr. 














Cooper - Bessemer engineers R. Boyer 
(right) and J. Fulleman (left) discuss 
supercharging with Dr. Alfred Buchi 
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Chicago Pneumatic Tool Co.—At a 
recent board of directors meeting, G. 
J. Coffey, v-p, was elected president 


aoe! §=6NEW, VALUABLE BOOKLET ON 
eeeetce ay STATIONARY AIR COMPRESSORS 


promotion mgr of the Steam Generator 
Div. is announced. He will make his 
headquarters at the Chicago Branch, 


638 No. Albany Ave 


we 


Elliott Co—J. E. Reilly joined the 
Industry Engineering Dept. This de- 
artment maintains offices at 715 Frick 
uilding, Pittsburgh, Pa 


Beckman Instruments, Inc.—Ap- 
points T. Fletcher mgr, special products 
div. replacing the former manager, J. F. 
Bishop, who was recently made as- 
sistant genl mgr of the company 


T. Fletcher Vv. Ciofi 


Belco Industrial Equipment Div., Inc. 
—V. Cioffi is named sales mgr. New 
California offices are located at 4418 
Vineland Avenue, North Hollywood. 
M. J. Sherry is in ebarge. J. Stoy, 
project engineer for the past three 
years, is named branch manager of the 
new Texas offices, located at 2009 Fan- ° 
nin Street, Houston. H. Kipp, formerly 16 color pages include: 
chief engineer with the American Water 
oy Co., is appointed district mgr 
of the Philadelphia office located in th 
+ Kine hae ey Side ee ae ® Savings Provided Up to 50% ® Construction Details Blueprinted 
®@ Space-Saving Advantages 

National Association of Vertical ® Value of Unit System 4 : : 
Turbine Pump Manufacturers — The © No Foundation Required © Unistage wee Belt Drive . . . Direct 
subject “Underground Water Sources, . ; Motor Drive 
their conservation, protection and use” © Complete Schramm Installation with 
was the principal topic of discussion at Schramm Accessories Extras 
the recent semi-annual meeting of the . : . 

National Association of Vertical Tur- ...in fact, the complete Schramm story on stationary air compressors. 
bine Pump Manufacturers. L. C. Kim- Write today for Catalog 5110-A 
ball, sales mgr, Byron Jackson Co., and 

retiring president of the association, re- 


ported on the association’s activities of 
the past year, and papers on topics of 
interest to the association and the pump 


industry were presented by W. C. Mum- 


ford, mgr, Vertical Turbine Pump Div., 

Worthington Corp., G. F. Twist, genl é fe COM PRESSORS 
mgr, Peerless Pump Div., Food Ma 

chinery and Chemical Corp.; C. E. 
Wilson, honorary director of the associa- 
tion, T. E. Woodruff, mgr, Pump Dept, 
Fairbanks Morse & Co., and H. E. Car- 
loss, v-p, Deming Co. Election of of- 
ficers for the ensuing year was also 
held. The new officers are: president, 
G. F. Twist, Peerless Pump Div., Food 
Machinery and Chemical Corp.; vice- 
president, T. E. Woodruff, Fairbanks 
Morse & Co.; secretary, B. A. Tucker, 
Peerless Pump Div., Food Machinery 
and Chemical Corp. 


® Weights and Dimensions 


Pewee e2eee2e- 


SCHRAMM, INC. 
The Compressor People - WEST CHESTER + PENNA. 


| 
| 
| 
| 
DEPT. 1&P 
NAME | 
| 
| 
| 
| 








STREET 





CITY. ZONE _____._ STATE 


LL enenenanananarararananasanasanananasasasasananenanananemanenasananananad 








(Continued on page 126) 
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PROFIT by the a 


EXPERIENCE of 
America’s FINEST PLANTS 


They REPEAT-ORDER 
HOFFMAN Heavy-Duty 


VACUUM CLEANING EQUIPMENT 
for Wider Range Dust Removal! 


One installation sells another, as plant after plant finds 
that Hoffman vacuum cleaning units save labor—sal- 
vage material—reduce product defects—eliminate dust 
hazards. They’ve proved that they can clean larger 
areas of walls, floors and overhead surface with Hoff- 
man equipment. Built to provide bigger capacity, 
higher vacuum and long years of service on the most 
grueling plant cleaning jobs. 











MAKE EVERY MACHINE 


INDEPENDENTLY LIGHTED with 
ACME ELECTRIC STEPDOWN 


TRANSFORMERS 











YOUR CHOICE OF 4 BIG-CAPACITY PORTABLES 
Advanced design and construction features for fast, 
efficient cleaning, with one-man handling. 114, 3, 5, 
and 7% H.P. models to match your specific cleaning 
requirements 


STATIONARY SYSTEMS IN A WIDE RANGE OF SIZES TO 
FIT YOUR MAINTENANCE OR PRODUCTION OPERATIONS 
Provides cleaning in several areas at the same timé. 
Sweepers attach cleaning hose to conveniently located 
inlets (in a permanently piped system). Dust is re- 
moved pneumatically to central collectors for easy 

disposal. 


MULTISTAGE CENTRIFUGAL BLOWERS AND EXHAUSTERS 


For agitation of liquids, combustion, 
mixing—for all air requirements (in- 
cluding the elimination of compressed 
air). No internal moving i. w 
power consumption. Adopted as 
standard in steel plants, textile and 
ice plants requiring 24-hour contin- 
tous service. Wide range of pres- 
sures, ities and . for air 
or gas. Tell us your requirements. 





© Acme Stepdown 
Transformers are 
available in standard 
ratings from 75 to 
2000 watts. Ready for 
easy installations, 


Motorized machines that are 
individually lighted (with a 
concentrated light at the work- 
ing area) can be shifted in pro- 
duction lines with a minimum 
of expense and delay. An Acre 
Electric stepdown transformer 
mounted on the machine and 
connected to the power line can 
supply proper voltage for light- 
ing requirements. Investigate 
this modern method of com- 
pletely electrifying machinery. 


ACME ELECTRIC CORPORATION 
521 WATER ST. CUBA, N.Y. 





To Repair 
A CRACKED 
CASTING 


Smooth-On No. 1 Iron Cement, under a bolted 
patch plate, saved this large casting without the 
use of heat, when a long crack threatened to end 
its usefulness. This simple repair is typical of the 
countless uses that engineers, mechanics and 
maintenance men in industrial plants find for 
Smooth-On. They keep it handy for both emer- 
gency and routine maintenance repairs—stop- 
ping leaks, sealing cracks, tightening loose parts. 
If your supply house hasn’t Smooth-On No. 1 in 
1-, 5-, 20-lb. or larger size, write us. 


F R E E REPAIR HANDBOOK 


ad Sestia cracks in apparatus and pipe lines is only 
ne of the many time-saving, money-saving re irs 
this 40-page book will show you. 170 illustrations. 
Write today for YOUR free copy. 


SMOOTH-ON MBG. CO., Dept. 19. 
570 Communipaw Ave., Jersey City 4, N. J. 


80-319 


Do it with SMOOTH:ON 





Y%° HOFFMAN MACHINERY 

CC): CORPORATION 
EAST 20 eee oe ei 26 meas | & oe Re 

HOFFMAN MACHINERY WEWMARKET OMT 





Tas dnt cananien THE IRON REPAIR CEMENT OF MANY USES 
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of men and companies 
(Continued from page 125) 





Food Machinery and Chemical Corp. 
—J. M. Hait, in charge of engineering, 
is elected to the board of directors and 
executive committee. He is head of the 
Central Engineering Dept. 


J. M. Hait A. M. Duty 


The Airetool Manufacturing Co.— 
A. M. Duty is named sales engineer in 
the Houston, Texas, branch office. 


The B. F. Goodrich Co.—W. S. Rich 
ardson, v-p, is elected a director of the 
company and also to the position of 
executive v-p. He also was elected a 
member of the executive committee of 
the board of directors 


Link-Belt Co.—Announces appoint 
ment of H. J. McCormick as sales man- 
ager of the Caldwell plant, succeeding 
E. A. Wendell, currently on leave 


Nordberg Manufacturing Co.,— Ap- 
pointment of Huckabee, Inc., Sewickley, 
Penn. as marine and industrial distribu 
tor for Nordberg Type 4FS Diesel en 
gines in western Pennsylvania and 
northern West Virginia is announced. 


The Permutit Co.—Placed contracts 
for further extensions and improve 
ments to the Birmingham, N. J., plant 
They include a new laboratory and 
pilot plant building to cost approxi 
mately $200,000 in all 


Meetings 





JANUARY 


American Institute of Electrical 
Engineers announces its winter gen 
eral meeting to be held at the Hotel 
Statler, New York, Jan. 19-23 


Plant Maintenance Conference, 
sponsored jointly by the American 
Society of Mechanical Engineers and 
the Society for the Advancement of 
Management, will be held at the Public 
Auditorium, Cleveland, Jan. 19-22. The 
Plant Maintenance Show will be held 
concurrently with the meeting. 


American Society of Heating and 
Ventilating Engineers will hold its 59th 
annual meeting at the Conrad Hilton 
Hotel, Chicago, Jan. 26-29 





give you fuel 
flexibility 


Adaptable to Firing By 


C2) as 


or 


The construction facilitates con- 
version from oil to coal or coal 
to oil with minimum cost. The 
boiler design provides ample 
furnace volume for the various 
fuels. 

Type KS Water-Tube Boilers 
By Bigelow are built in sizes 
ranging from 20,000 to 45,000 
Ibs. of steam per hr. Type KL 
Boiler sizes range from 35,000 to 
70,000 Ibs. of steam per hr. Type 
KV Boiler sizes range from 
70,000 to 100,000 Ibs. of steam 
per hr. 

Compact—Low Maintenance— 
Low Fuel Cost. 

Write for free catalog on the 
Types KS & KL or on any of the 
boilers listed below. 


Bigelow Type KS-18 during erection ot the 
E. & J. Gallo Winery, Modesto, Calif. Co 
pacity 26,000 Ibs. steam per hr., oil fired 


BOILERS BY BIGELOW 


Water Tube Boilers — Bent Tube Types * Horizontal Return 
Tubular Boilers + Scotch Type Boilers * Two-Pass Boilers 
Electric Steam Generators 


THE BIGELOW COMPANY * NEW HAVEN 3, CONN. 
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New bulletins 
and catalogs 


Literature on engineering products and developments 


AIR & DUST FILTERS & COLLECTORS 


Foundry Dust Control 200 

Operation of a dust control system for 
foundries is described in 8-page bulletin 
852. The booklet is in the form of a 
review of a 22-minute film, “The Invisible 
Shield,” which shows a complete system in 
actual operation. The bulletin also tells 
how the film may be obtained for showings 
to interested engineering groups. Claude 
B. Schneible Co. 


Electrostatic Precipitator 201 

“The Inside Story,” a 4-page folder, de- 
scribes the design features of electrostatic 
precipitators developed for sodium salt re- 
covery in soda and sulphate pulp mills. 
Discussed are such topics as the construc- 
tion of inlet and outlet flues, wet bottom 
design, electrical equipment and discharge 
electrodes. Research Corp. 


COAL, ASH & BULK HANDLING 


Bunker Seal 202 

“Stop Coal Dust!", 4-page folder 952, 
describes a zipper bunker seal designed 
primarily for use where coal is being 
distributed by belt conveyer and traveling 
tripper to an extended storage bunker. 
Illustrations and text describe how it 
works, Stephens-Adamson Mfg. Co. 


Coal Chute 203 

Explained in 8-page bulletin 73 is the 
theory of how a conical coal chute pre- 
vents segregation. Actual installations are 
shown. Various accessories also are de- 
scribed. Stock Equipment Co. 


General Catalog 204 

Products for use in the chemical process- 
ing industries are described in a new 
catalog. Among the items listed are pro- 
tective coatings, tank and pipe linings, 
plastic fittings, hose, pinch valves, pack- 
ings, conveyer belts and expansion joints 
Chemical properties, temperature limita- 


tions, sizes and recommended working 
pressures also are covered. Mechanical 
Goods Div., United States Rubber Co. 


COMPRESSORS 


Air Compressors 206 
Descriptions, design features and speci- 
fications for industrial air compressors are 
contained in 16-page brochure 5110-A. 
Models are for belt or direct motor drive 
from %% to 100 hp. Accessories and con- 
trols also are described. Schramm Inc. 


Compressors 207 
Basic application data and design speci- 
fications for multi-stage, multi-cylinder 
compressors from 100 to 5000 hp are con- 
tained in 44-page engineering catalog M- 
70. Topics discussed include design fea- 
tures, lubricating system, bearings and 
counterweights, cylinders, motors and 
drives, automatic control, and typical in- 
stallations, The Cooper-Bessemer Corp. 


ELECTRICAL DISTRIBUTION 


Enclosed Switch 208 

Construction features and advantages of 
a recently developed heavy duty metal 
enclosed switch, said to combine the func- 
tions of disconnect and load interrupter, 
are given in 4-page folder 5208. Units are 
for 600 v, a-c or d-c service. A table lists 
2 and 3 pole models, with or without provi- 
sions for fuses, for 400 to 3000 amp ratings. 
Delta-Star Electric Co. 


Circuit Breakers 209 

“What You Should Know About Circuit 
Breakers,” 16-page manual 101, explains 
the operating principles of basic circuit 
breaker designs. Included are simplified 
diagrams of three basic types. Explana- 
tions, charts and diagrams deal with temp- 
erature factors, inrush current effects, 
tripping and reset time, quick and slow 
make-and-break, and wire deterioration 
rates. Heinemann Electric Co. 





Dust Collection 205 


Five basic types of dust control 
equipment, designed to meet the 
needs of a wide variety of industries, 
are the subject of 40-page brochure 
800. In addition to discussing fea- 
tures of design, construction and 
operation, the booklet also lists the 
advantages of each basic type, to- 
gether with recommendations. 
Specifications are listed and actual 
installations are described and illus- 
trated. Accessories such as fans, 
vibrators and valves also are pre- 
sented. Technical information is 
presented to aid the engineer in 
solving dust collection problems. Of 
particular value is a table listing air 
volume and resistance at common 
velocities. Dracco Corp. 





'MOUSTRI ay 








Each new bulletin item has a key 


number for your convenience in 


asking for a free, personal copy. 


Insert key numbers on return 


post card found on page 107 





PRODUCT INDEX 


Air & Dust Filters & Collectors 

Coal, Ash & Bulk Handling 

Controls, Regulators & Instruments 

Diesels : 

Electrical Distribution 

Electrical Heating Units 

Engines 

Fans & Blowers aime 

Filters, Strainers & Purifiers 

Fuels & Firing Equipment 

Heat Exchanger Equipment 

Lubricants, Lubrication, Oil 
Filters & Purifiers 

Motors & Generators 

Packings & Gaskets . 

Pipe, Tubing & Hose 

Pumps 

Refractories 

Steam Specialties 

Thermal insulation 

Transformers 

Valves 

Water Treatment . 

Miscellaneous . 

External House Organ 











ENGINES 
Dual Fuel & Gas Engines 210 


Construction, operation and application 
features of 9 and 13 in. bore, 4 cycle, die- 
sel dual fuel and spark-fired gas engines 
are contained in 12-page bulletin 205. Pres- 
sure lubrication, high velocity cooling, 
fuel systems and design characteristics are 
described, Ratings, weights, dimensions 
and standard equipment are tabulated. 
Nordberg Manufacturing Co. 


CONTROLS, REGULATORS 
& INSTRUMENTS 


Pneumatic Operator 211 

Accurate, high speed positioning and 
regulating of heavy equipment is provided 
by a pneumatic positioning operator de- 
scribed in 4-page folder S-15. Cross-section 
views show construction and supplement 
the explanation of how the unit works. 
Republic Flow Meters Ce. 


Thermometer 212 
Advantages of an industrial thermometer 
which can be adjusted through a 180 
degree angle in any direction are outlined 
in 4-page folder AASO. Construction fea- 
tures are discussed. Sizes and ranges are 
listed. Weksler Thermometer Corp. 


(Continued on page 131) 
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collector 





remowes 


A good indication of the efficiency of KIRK & 
BLUM Dust Control Systems on dust particles of 
any size is given by a recent installation where 
small particles are the principle dust load. 

At The Formica Company, particle size is in the 
100 micron and under range, with 33% of the 
load under 60 microns. The KIRK & BLUM system 
installed and illustrated here, serves over 150 
machining and micro-sanding operations. The 
entire system collects approximately 100 pounds 
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KIRK’ ALum 


DUST CONTROL SYSTEM 


of dust «a: FORMICA 


per hour. Total loss is less than 8 ounces per 
hour... 99.5% efficient collection. 
Such efficiency can save you money . .. whether 
your production is in wood, plastic or metal. . . 
because KIRK & BLUM systems are suited ex- 
actly to each operation. For details, a survey of 
your requirements or illustrated literature, please 
address The Kirk & Blum Mfg. Co., 3174 Forrer 
Street, Cincinnati 9, Ohio. 





There ct only 
One of many reasor 
why Skill 


—— camaagelreetale ONE BEST 
AIRETOOL ; 


‘24 


TUBE CLEANERS INSULATED 


PIPING... 
Ruc-wall 
There's no foreign deposit, in any size tube, straight 

or curved, that can’t be quickly and completely re- h an insulated 
moved by one of the many AIRETOOL tube cleaner sree ea tit 
heads. Precision made of _— heat treated alloy 
steels, these AIRETOOL heads clean out even the : i u 
hardest deposits, and restore tubes to their origi- only the best will give yo 
nal efficiency. They are constructed with a 

minimum of parts for easy maintenance, and 2s 
can be used with a variety of powerful to full-efficiency performance 


motors for rapid, thorough tube cleaning. f system. That means 
The versatility, variety and efficiency P of your sys 


of AIRETOOL tube cleaner heads, are | Ric-wiL Prefabricated Insu- 
basic reasons why they can improve - 
your tube maintenance program. s lated Piping. 
For full details, write to: The wil, provides (1) top- 
AIRETOOL Mfg. Co., 318 S. | » ic-w P 


Center St., Springfield, Ohio. ' efficiency system engineering, 


piping problem, remember that 


[ ALL the advantages necessary 


Wing arm head for (2) fast, economical installa- 
cleaning scale, coke, 

lime or other deposits 
from curved tubes. 


tion, (3) the right protection 


and insulation for the job. 


Due to their design and construction, 
AIRETOOL cleaner heads such as this for- There’s an Airetool Tube Cleaner 
wardly swing arm type can be disassembled and Tube Expander for Every Type 
and put together again without special tools. of Tubular Construction. 

The arms are designed to reach out to clean 

every part of the tube wall, and the large 

number of cutting surfaces insures a quick 

thorough tube cleaning job. 





t 


MANUFACTURING COMPANY ; 
ita aii 


SPRINGFIELD, OHIO PREFABRICATED 
BRANCH OFFICES: Philadelphia * New York © Chico J 


a INSULATED PIPING 

Tulsa * Baten Rouge * Houston * Hudson Heights (N.J.) 

REPRESENTATIVES in principal cities in U.S.A., Conede, 
Mexice, South Americe, England 
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Control Equipment 213 


Equipment for measuring and controlling 
liquids and gases is the subject of 32-page 
catalog 003. Units such as controllers, 
gages, manometers, valves and venturi 
tubes are described. Principles of opera- 
tion and specifications are included. Sim- 
plex Valve & Meter Co. 


FANS & BLOWERS 


Centrifugal Blowers 214 

Descriptive material on centrifugal blow- 
ers, recently added to the list of air moving 
equipment manufactured by this company, 
is included in 24-page catalog B-10. Dimen- 
sion drawings and complete air delivery 
tables are given for each model. Hartzell 
Propeller Fan Co 


FILTERS, STRAINERS & PURIFIERS 
Purifiers 215 


Published to acquaint engineers with 
facts concerning purifiers, 8-page bulletin 
700 discusses units for removal of entrain- 
ment in live steam, exhaust steam, vapors 
and compressed gases Diagrams illus- 
trate how different types are used to per 
form various purification problems. V. D 
Anderson Co 





HOW TO REQUEST FREE BULLETINS 


Insert “key numbers on return post card 
found on paae 107. Our Reader's Service De- 
partment will handle your request promptly 





FUELS & FIRING EQUIPMENT 


Oil & Gas Burners 216 

Advantages of preassembled oil, gas and 
combination oil and gas burners are listed 
in 8-page bulletin P-152. The units contain 
all necessary control equipment, and re- 
quire only mounting to furnace and service 
connections. Design features, selection of 
components and performance are dis- 
cussed. Units in sizes from 50 to 900 hp 
are listed for 4 common #as pressures and 
all grades of oil. Coen Co 


Oil Booster 217 

Advantages of oil boosters, for heating 
oils, bituminous or heavy viscous ma- 
terials, are the subject of 4-page folder 
AD-108. Units are available with burners 
for light or heavy oil, or gas. Specifica- 
tions and typical installations are pre- 
sented Road Machinery Div., Cleaver- 
Brooks Co 


LUBRICANTS, LUBR'CATION, 
OIL FILTERS & PURIFIERS 


Lubricant 218 

High load-carrying ability, non-corrosive 
qualities and longer lubricating life are 
advantages listed for an extreme-pressure 
lubricant described in 12-page booklet 
A-2612. The new lubricant, developed 
primarily for high-output industrial gear- 
ing, is also recommended for heavily load- 
ed plain bearings and screws. Lubricat- 
ing problems caused by stepping up pro- 


(Continued on page 132) 


liability—<«< 
eliability << 
DESIGNS THAT REPRESENT i 

50 YEARS TRAP BUILDING 


EXPERIENCE 


airxpel 
STEAM TRAPS 


Remove Both Air 
and Condensate 


This equipment offers design ad- 
vantages that represent long ex- 
perience in building steam saving 
devices for industry. 


Orifices of Wright-Austin traps can 
be interchanged without disas- 
sembling the trap. Connections are 
the straight-through type. Both of 
these features contribute to speed 
and ease of installation. 


Wright-Austin traps are available 
for lines ¥2’ to 3”, for pressures up 
to 600 P.S.1.G. and with capacities 
up to 65,025 pounds of water per 
hour. 


For complete information on traps 
and other accessories that you can 
stock to advantage and depend on 
for efficiency that means low cost, 
write, today, for: 


Trap Catalog +600 
Separator Catalog +500 
Boiler Trim Catalog +700 








3245 WIGHT STREET «+ 
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“CUB” TYPE 
va" to 1%" 
to 250 PSIG 


“MASTER” TYPE 
y” to y ed 
to 300 PSIG 


“Y” STRAINERS 
2” to 8” (flanged) 
“a to 3” (threaded) 


FORGED STEEL 
va" to 1%" 
to 600 PSIG 


IGHT-AUSTIN 


COMPANY 


DETROIT 7, MICH 
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duction with existing equipment are out- 
lined, together with recommendations 
Sun Oil Co. 


Graphite Lubricant 219 

Advantages of colloidal graphite as a 
high-temperature lubricant are outlined in 
4-page folder 423. How it is used and 
recommendations for specific lubrication 
problems are given, together with case 
studies, Acheson Colloids Co. 


Lubricetors 220 

Force feed lubricators for all types of 
machinery are described in 16-page cata- 
log L-52. Details of design and construc- 
tion, as well as specifications, are presented 
for open and enclosed types with capaci- 
ties from 2 to 32 pints with 1 to 24 feeds 
per unit. Hills-McCanna Co 


REFRACTORIES 
Insulated Walls 221 


Thin wall construction for industrial 
furnace enclosures is described in a 12- 
page bulletin. Photos and engineering 
drawings show the thin, insulated walls 
as used for boilers, refinery heaters, dryer 
furnaces and kilns. Bigelow-Liptak Corp. 


Water Wall Tile 222 

Thin refractory tile construction for water 
wall backing and boiler baffies is described 
in 8-page bulletin 44. Engineering informa- 


tion shows how tile are installed and pre- 
sents charts and graphs of heat losses and 
physical characteristics. Recommendations 
for the design of tie backs also are given. 
Laclede-Christy Co. 


PACKINGS & GASKETS 


Mechanical Packing 223 

Included in 20-page catalog PC-102 is an 
application chart which provides a quick 
and accurate means of determining the 
proper packing for a specific service con- 
dition. Data, structure and performance 
of self-lubricating, molded, sheet and Tefion 
packings are presented. Greene, Tweed 
& Co. 


MOTORS & GENERATORS 


Totally-Enclosed Motors 224 

Totally-enclosed and explosion proof 
motors, safe for dangerous, damp and 
dusty locations, are the subject of 8-page 
brochure F1784. Design features, advan- 
tages and applications are described. Ac- 
tual installations are shown, U. S. Electri- 
cal Motors, Inc 


Motor Selector 225 

Detailed information on EMC and Cy- 
clohm fractional motors in ratings from 
1/2000 to 4% hp is provided by a slide rule 
selector. It is said to provide all data 
necessary for determining which motor 
will best meet any given set of require- 
ments. Howard Industries, Inc 


DIESELS 


Diesel Engine 226 

Smaller and lighter, but for heavy-duty 
service, is the description of a diesel engine 
discussed in 12-page bulletin 10027. Three 


models are listed, ranging from 200 to 380 
hp at 900 to 1000 rpm. Specifications, 
weights, performance curves and dimen- 
sions are included. Ingersoll-Rand Co. 


ELECTRICAL HEATING UNITS 


Electric Comfort Heaters 227 


Listed in 8-page catalog D-52 are 175 
different models of forced air, convection 
and radiant heaters in capacities of ‘4 to 
100 kw. Information is presented to aid 
in selecting the proper unit for any par- 
ticular job. A quick selector chart shows 
how to calculate heat requirements for 
given areas and types of building construc- 
tion. Edwin L. Wiegand Co. 


HEAT EXCHANGER EQUIPMENT 


Heat Exchangers 228 


Various types of heat transfer equip- 
ment are among the products described in 
12-page catalog 12. Also presented are var- 
ious types of dry blending equipment and 
such process equipment as kettles, evapo- 
rators, vessels, reactors and coils. Speci- 
fications are included. The Patterson- 
Kelley Co., Inc. 








cold weather, because they 
are freeze-proof and because 


fg ¥ 


f Because they drain completely when cold, these four 
types of Nicholson steam traps are positively freeze-proof. 
Can be freely installed outdoors. Universally recommended 
for use in lines which need not be in continuous use during 


Type C 


Nicholson Makes 
FREEZE-PROOF STEAM TRAPS 


for Every Plant Use 


Catalog 751 or see Sweet's 





W. L.NICHOLSON)4(O0. 








TRAPS - VALVES - FLOATS 
135 OREGON ST., WILKES-BARRE, PA. 


Type 
A 


Representatives, in 58 Principal Cities, to Help You Solve Specification and Maintenance Problems in Traps, Floots, Control Valves 


their 2 to 6 times average drainage capacity re- 
sults in minimum heat-up time. The non-air-bind- 
ing feature of Nicholson traps also notably fa- 
cilitates steam transfer in severe weather. 


TYPES FOR EVERY PLANT USE—process, heat, 
power; size |/," to 2"; pressures to 250 lbs. 


. 


Type AHV 





y, 
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Condensers 229 


Described in 4-page folder 800 are con- 
denser-heater-cooler units recently devel- 
oped to meet the demand for low cost, 
junior size heat exchangers. Three types 
are described—coil, straight tube and pipe 
line. A wide range of construction ma- 
terials are available for resistance to most 
liquids and chemicals. Manning & Lewis 
Engineering Co. 


STEAM SPECIALTIES 


impulse Steam Traps 230 

Construction and advantages of high 
capacity impulse steam traps are described 
in 4-page folder T-1745. Units are listed 
for maximum continuous discharge up 
to 37,400 Ib per hr of condensate. Dimen- 
sions and materials of construction also 
are presented. Yarnall-Waring Co 


industrial Steam Trap 231 

Features of construction and operation 
of small size industrial steam traps, from 
% to % in., are given in data sheet 351. 
Applications are suggested. Tables list 
dimensions and capacities at various pres- 
sures. W. H. Nicholson & Co 





HOW TO REQUEST FREE BULLETINS 
Insert “key” numbers on return post card 
found on page 107. Our Reader's Service De- 
portment will handle your request promptly 





Compound Steam Traps 232 

Piston-operated compound steam traps 
for draining equipment producing large 
amounts of condensate, such as purifiers, 
separators, evaporators, and desuperheat- 
ers, are discussed in 8-page bulletin 215 
In addition to describing the construction 
and listing physical data, such details as 
how they work, operation and installation 
are covered. Armstrong Machine Works 


THERMAL INSULATION 


Fire-Retardant Mastics 233 

Fire-retardant mastics for use in con- 
junction with thermal insulation to re- 
duce the fire hazard of exploding gas and 
eliminate the need to bury tanks, is de- 
scribed in a data sheet. The product, for 
trowel or rubber-glove application, is de- 
scribed as providing good heat resistance 
over insulated pipes, vessels and equip- 
ment. A typical specification indicates 
how it is used. Benjaniin Foster Co 


PIPE, TUBING & HOSE 
Air Hose 234 


Five grades of air hose, described as 
having tough, oilproof covers to prevent 
peeling, are featured in 4-page folder 3460 
In addition to listing specifications, materi- 
als and methods used in construction are 
described together with recommended uses 
for the various types. B. F. Goodrich 
Chemical Co. 


Plastic Pipe Data 235 

Data on head loss due to friction in plastic 
pipe are given in the form of charts and 
graphs. A graph of water flow vs. head 
loss for both plastic and steel pipe gives 
a comparison of flow characteristics. Carlon 
Products Corp. 


an AMERICAN. 


hirsCl 


»».gives you 


the highest efficiency 


in Tray Deaeration! 


AMERICAN Jet-Tray Deaerators—the first new idea in deaera- 
tion in the past decade! —bring to industry for the first time the 
advantages of a combination of spray-type, direct-contact, first- 
stage heater, performing as an efficient direct-contact vent con- 
denser, an efficient second-stage atomizer and a final deaeration 
section containing more surface, more vapor and water turbulence 
than any other deaerator on the market today. 


AMERICAN Jet-Tray Deaerators exclusively use the high pres- 
sure of the incoming steam in indirect heat transfer with the tray 
deaerating process to increase the efficiency of the wetted-wall 
surfaces. The velocity of the incoming steam atomizes the preheated 
water from the first stage and also imposes a slight suction on the 
discharge from the interstage water seal. Since the degree of suction 
is always proportional to the resistance offered to the flow of steam, 
the seal remains stable and balanced under all conditions of varying 
steam flow, whether from varying load demands or inlet water 
temperature. 


The third-stage tray section of the AMERICAN Jet-Tray 
Deaerator is made of stainless-steel tubing, with the individual 
tubes rolled into the stainless clad distributing tray . . . with this 
rugged AMERICAN construction there can be no possible failure 
resu!ting from intergranular corrosion, so often found in welded 
stainless-steel tray assemblies. 


The exclusive AMERICAN Process of continually applying heat 
to the water undergoing final deaeration causes a continual boiling 
of water as it passes over the many wetted walls of the scrubbing 
towers, which greatly aids complete deaeration. 


Call or write today for complete information. 


SERVICE SIMCE 1802 TO THE tHOUSTRY 


Pulsation Dampener 236 

Described in 4-page folder PDS-8501 are 
pulsation dampening piping systems de- 
an lll By Ep ly og F Feeaete ARS LEetee AHEM UE «© PRTC ABEL Pete OD Pteaesrivanmia 


OIStAATORS «+ HOT PROCTSS SOFTEMTOL « OEOCTOOL «+ PLLTERS + PEOLITE SOFTEMEOL « CHLOOIDE Ota. aaierees « 81801 OOL & BEGeterices 


mecoerpoRmat 


AMERICAN Wledee oflener COMPANY 





(Continued on page 134) MYOOOCEN SOOKUM TEOLITE SOFTENERS © OMIMERRL TERS © CHEMICAL FELOTOS © COMTINUOOS FL OWOOWm + TeremrnG FOO! Leurrmrer 
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psi and at any temperature. Advantages 
and principles of operation are discussed 
The Fluor Corp., Ltd 


Expansion Joints 237 

Basic designs of corrugated expansion 
joints are described in 20-page brochure 
CMH-127R. A table of thermal expan- 
sion, together with discussions of design 


considerations, tables of axial and lateral 
motion, descriptions of construction ma- 
terials, diagrams of typical installations 
and installation data, is presented to aid 
engineers in proper selection and applica- 
tion Specifications for many types are 
tabulated. Flexonics Corp 


Insulated Piping 238 

Prefabricated, insulated piping systems, 
for underground piping of steam, hot 
water, oil, process liquids and gases, are 
the subject of 4-page folder 5205. Ad- 
vantages, construction, applications, types 
of joints and typical installations are dis- 
cussed. Also presented are prefabricated 
tunnel systems, manholes and sectional 
conduit systems for protection of under- 
ground insulated piping. The Ric-wil Co 





Protect the Nation’s Industrial Floors! 


Such universal acceptance is no accident! Klemp’s patented 
reinforcement armors eliminate chipping, cracking, creeping, 
splintering, spalling, and disintegration. Ruts and pot-holes do not 
form. They provide countless industrial users with the solidest, 
safest, most enduring floors of accurate level. This is why Klemp 
floors are still in perfect condition after more than 25 years! You, 
too, can protect your floors by following these two simple steps: 

(1) send for the free Klemp booklet: “Instructions for Laying Klemp 
HEXTEEL and FLOORSTEEL”; (2) call upon Klemp’s free 
engineering service. ACT TODAY! 


KLEMP METAL 


EXECUTIVE OFFICES 


GRATING CORPORATION 


1377 NORTH BRANCH STREET, CHICAGO 22, ILLINOIS 





Swing Joints 239 


Ball bearing equipped swing joints for 
use on lines handling oil, gasoline, chemi- 
cals and other liquids are described in 8- 
page brochure 400. Construction features, 
specifications and dimensions are pre- 
sented. Other products such as ball, re- 
volving and swivel joints also are listed 
Barco Manufacturing Co. 


PUMPS 


Industrial Pumps 240 

Included in 96-page catalog I-52 are de- 
scriptions of a wide variety of industrial 
pumps. Among the basic types represented 
are many models of centrifugal, vertical 
turbine, rotary, piston and reciprocating 
units. Selection tables and data of interest 
to pump users are presented. An illus- 
trated table of contents provides a means 
of quick reference. The Deming Co 


Vertical Pumps 241 

“Vertical Pumps for Volatile Fluids,” 
6-page folder 1026, describes the advantages 
of vertical turbine pumps for handling 
such liquids as gasoline, diesel fuel, crude 
oil, L-P gases, and ammonia. The me- 
chanical features of several models are 
shown. Efficiency curves are included in 
the engineering data. Johnston Pump Co 


Process Pumps 242 

Rubber lined centrifugal chemical and 
process pumps, designed especially for 
handling strong acids and corrosive salts, 
are the subject of 4-page folder WQ-212 
Service characteristics, construction, ad- 
vantages and specifications are presented 
Capacities are listed to 2000 gpm with heads 
to 125 ft. Warren Steam Pump Co., Inc 


Vertical Pumps 243 

Construction features of small vertical 
pumps for sidewall or submerged mount- 
ing are described in 8-page bulletin 52B- 
6975A. Units are listed in capacities to 
250 gpm at heads to 125 ft for such service 
as coolant circulating and air conditioning 
Data for determining motor frame, horse- 
power, speed and current characteristics 
are included. Allis-Chalmers Co 


Centrifugal Pumps 244 

Descriptions and typical applications of 
many types of self-priming and straight 
centrifugal pumps are presented in 4-page 
reference bulletin G-52. Also described 
are diaphragm and plunger sludge pumps 
Marlow Pumps 


WATER TREATMENT 


Distilling Plants 245 
Industrial applications for vertical bas- 
ket type sea water distilling plants are 
suggested in an 8-page bulletin. Types of 
evaporators are discussed, together with 
such topics as the problem of scale, sim- 
plicity of operation and purity of the 
final product. Flow charts and diagrams 
are presented. The Maxim Silencer Co 


Marine Demineralizers 246 

Technical bulletin sheet 015 describes a 
demineralizer designed specifically for use 
on such marine vessels as barges, ferries 
and tugs. In addition to a discussion of 
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advantages, a description of the construc- 
tion and a table of specifications are given 
Penfield Manufacturing Co., Inc 


TRANSFORMERS 


Instrument Transformers 247 

“Instrument - Transformer Accuracy 
Standards,” 16-page bulletin GET-1366A, is 
published to facilitate selection of proper 
instrument transformers for any particular 
application. The booklet lists accuracy 
standards for potential, metering current 
and relaying current types. Diagrams show 
graphical equivalents of American Stand- 
ards Association accuracy classes. General 
Electric Co. 


VALVES 
Check Valves 248 


Stop, check and non-return valves are 
the subject of 16-page catalog 12-H. De- 
scriptions, design features, construction, 
specifications and dimensions for each 
type, in sizes from 2'2 to 14 in. and in 600, 
900, 1500 and 2500 lb pressure classes, are 
presented. Edward Valves, Inc 





HOW TO REQUEST FREE BULLETINS 


Insert “key” numbers on return post card 
found on page 107. Our Reader's Service De- 
partment will handle your request promptly 





MISCELLANEOUS 


Metal Recovery 249 

One of the fields in which ion exchange 
holds great promise is in the recovery of 
valuable metals from dilute solutions re- 
sulting from various manufacturing proc- 
esses. Information on the subject is con- 
tained in a 9-page reprint 3737-7, “Metal 
Recovery by Ion Exchange.” Tables, 
charts and other data illustrate some of 
the forms in which metals are present in 
solutions, and tell how they could be 
economically recovered. The Permutit Co 


Reviews of 
EXTERNAL HOUSE ORGANS 


For a regular copy of a particular 
house organ, write direct to company 


Armstrong Trap Magazine 

“How to Figure the Costs of Steam Traps” 
an article in Vol. 21, No. 5-1952, is an ex- 
ample of the useful articles contained in 
this 16-page publication. Information on 
valves, humidifiers, and other steam spe- 
cialties, as well as steam traps, is presented 
in an interesting manner. Other articles in- 
cluded in this issue are entitled: “Did You 
Ever Auscultate a Steam Trap?": “Right 
Trap Cuts Cooking Time 40%"; “Case of 
the Banging Radiators”; and “New Forged 
Steel Ball Float Trap.” Armstrong Ma- 
chine Works, Three Rivers, Mich 


Maintenance News 


Engineers concerned with electrical 
equipment maintenance will find informa- 
tion of value in a house organ devoted ex- 
clusively to the problems of keeping equip- 
ment in shape. A recent issue, Vol. XVIII, 
No. 3, 12 pages, includes such articles as: 
“Insulating Practices for the Electrical Re- 
pair Shop”; “Select Couplings to Fit the 
Job"; “Four Ways to Make Your Mainte- 
nance Stockroom Pay”; “Preventive Main- 
tenance”; and “Repairing Weld Leaks in 
Power Transformers.” Westinghouse Elec- 
tric Corp., East Pittsburgh, Pa 


—End 
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MASTER SUPREME 


WRENCH SET 


@ With Snap-on’s Master set you're equipped for an 
exceptionally wide range of nut turning operations. 
The four Snap-on handles... Ratchet, Speeder, 
Spinner, Sliding Bar... with three extensions and 
universal joint, provide the utmost in wrench flexi- 
bility, speed, power ... save time on straight-away 
jobs . . . quickly reach and turn diffcult and “hidden” 
nuts. Supplied with full range of socket sizes, %.’’ 
to 1%". 

In thousands of plants Snap-on wrenches are used 
for production, assembly and maintenance. Write 
for the Snap-on Industrial Catalog, and general 
catalog of 4,000 Snap-on hand and power tools. 


SNAP-ON TOOLS CORPORATION 


8102-A 28th Avenue, Kenosha, Wisconsin 





*Snap-on is the trademark of Snap-on Tools Corporation 





STO 


YOUR HEAT 


LOSSES 


with the Truly Better—More 
Economical Plastic Insulation 


IT STICKS 
IT INSULATES 


IT’S EASY TO 


APPLY 


er Walls 
Sreechings « Drum Heads 
Elbows « Flanges 
Fittings e Valves 
Ducts, Lines & Piping 
Dust Collectors 
Gas Generators 
Kettles « Tanks 
Steam Heaters 
am Pumps 
on Heaters & Preheaters 


More than 50 million pounds of Stic- 
Tite in service on the power generat- 
ing and process heating equipment of 
American industry—over many years— 
prove Stic-Tite incomparable for ease 
of application, strength, insulating effi- 
ciency and long-run economy. It’s truly 
the ideal plastic insulation on metal or 
on block or blanket insulating surfaces 
for temperatures to 1800° F. Try this 
all-purpose insulation. Your own tests 
will convince you. 


@ More Adhesive 
@ Stronger — More Durable 
@ More Resistant to 
Air infiltration 
@ Easy to Apply and 
Finish Smooth 
@ More Efficient 
@ Economical Coverage 


@ Indestructible—Completely 
Reclaimable 


Get Free Sample Bag of Stic-Tite. 
Send this coupon. 





' Please send at onco = [[] Free 5 Ib. sample of Stic-Tite, 
L) Catalog 


ond prices. 
C Nome of nearest distributor. 











Zone... State. 





Orum head, piping, flonges, 
volves, etc., insuloted ond 
finished smooth with Stic-Tite. 


REFRACTORY & INSULATION corp 


Lovejoy 
Counter- 
shaft 
Unit 
controls 
speed of 
auto- 
matic 
Spring 
Coiler 


Lovejoy 
Wide V- 
Belt Pul- 
ley in- 
cluded in 
design 
of Tap- 
ping Ma- 
chine 


.. depend on 


LOVEJOY 


VARIABLE SPEED 
PULLEYS 





Whatever your job calls for — 
you, too, can depend on Lovejoy 
Variable Speed Pulleys to operate 
machinery at exactly the right 
speed. Quickly, easy, finger-tip 
control — no stops for speed 
changes. Simple installations on 
old or new equipment. Shipped 
from stock for fractional to 8H.P. 
duties. And ask about the new, 
low-cost Lovejoy 
Tilting Motor Base 
for fractional mo- 
tors up to 3% H.P. 
Write now for com- 


plete Catalog and en- 
gineering data 


'Roh"s Sle) 28> 41-18: 
COUPLING COMPANY 





Chicago 44, lil. 


Also Mfrs. of Lovejoy Universal Joints 
and Lovejoy Flexible Couplings 


130 WALL STREET e NEW YORK 5, N.Y. 





| 5043 W. Lake St. 
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CLASSIFIED ADVERTISING 








FOR SALE 





BOILERS 


10 te S000 HP 


Diese!, Steam Terbine, Engise 


GENERATORS 


Heavy Power Equipment 
Industrial—Chemical Process 
Equipment 


UNUSED — RECONDITIONED 


FOR SALE 








GAGE GLASSES AND | 


High Pressure Rubber Gaskets 
ALL SIZES TO FIT YOUR WATER GAGES 


5 2 —_ ") 


A J WATER COLUMN & sees o. 
Catalog LIVINGSTON. . 














ESTABLISHED, EXPANDING AGENCY 
SELLING DIRECT TO INDUSTRY, 
MEMPHIS AND 200 MILE RADIUS, 
INTERESTED OBTAINING 2-3 LINES 


CRAIG SALES & ENGINEERING CO. 





1101 Poplar Memphis, Tenn. 











PROFESSIONAL SERVICES 











Let Us Instell Your 
PROPANE GAS PLANT 


or 
ANHYDROUS AMMONIA 
PLANT 
We Are Specialists 
More Than 80 Peacock Plants Prove 
. . « “There's No Substitute For Ex- 
perience.” 
Write For Full informatica 
PEACOCK CORPORATION 
P. O. Box 268, Westfield, N. J. 
Westfield 2-6258 

















WELDING CONNECTORS 





Saxe Erection Units position and secure structural parts for welding. 
The adjustable K3A clip permits adjustment of structural members for 


plumbing and erection. 


Use of these units eliminates all hole punching and ‘eee the most 
economical, safe, and quickly erected structural Rene 


Write for "Structural Welding Practice" abil, containing full- 


engineering design information. 


MFG. & SOLD b 
J. H. Williams & 
Buffalo 7, New York 


Canadian Representatives 
Air Reduction Canada, Ltd. 
Montreal 2, Canada 











AVAILABLE REPRINTS 





SPECIAL REPORT REPRINTS 


“Engineered Fire Fighting Systems,” 
October 1952 
“Adjustable Speed Drives and Electrical 
Controls,” Sept. 1952 
“Combating Corrosion from Industrial 
Chemicels,” July 1952 
“Packaged Electrical Distribution 
Equipment," February 1952 
“Contaminants in the Air,” January 1952 
“Fundamentals of Automatic Control,” 
Sept. 1951 
“Industrial Waste Treatment,” June 195! 


Copies of these reports are available to 
interested individuals. One copy will be 
upon +, with the compliments 

of INDUSTRY AND POWER. Additional 
copies as follows: 2 to 25 copies—25c each; 
26 to 50 copies—20c each; 5! to 100 copies 
—1!5c¢ each; 100 or more copies—1!0c each. 
Address requests to Reader Service Dept., 
INDUSTRY AND POWER, St. Joseph, Mich. 


For your personal file, following reprints, 
free of charge: 


“Profits From Wastes,” Nov. 1952 
“Do and Don'ts for Bearings,” Nov. 1952 
“Burners for Package Boilers,” Oct. 1952 


“Advantages of Interruptible Rate Natural 
Gas Service,” Oct. 1952 





“Handbook for Engineered Plant Services,” 
Volumes 62 & 63, 1952 


“Joining Copper and Its Alloys," Aug. 1952 


“Short Short-Circuit Calculations,” Apri! 1952 
“Piston Rings,” June 1952 


"What's Different About Cable Connectors 
for Alumi Conductors,” July 1952 


“Cembustion and Combustion Guides,” 
Aug. 1952 


“Selection and Design Factors in Bus Duct 
Distribution Systems,” Aug. 1952 


“Modern Fuel Oils and the Application of 
Additives,” Oct. 195! 


“Characteristics of Net Positive Suction 
Head Above Vapor Pressure,” June 1952 


. Their Character- 





“Axial Flow Pumps . . . 


istics," July 1952 
“Valve Positioners,” Apri|/May 1952 


“Purchased Versus Generated Power,” June 
1952 

“Power Distribution for Large Motors at 
Prospect Hill,” March 1952 

“How to Select the Correct Steam Trap,” 
Jan. 1950 

“Low Cost Auxiliary Power from Turbine 

Drives,” Apri! 1950 

“Practical Considerations in Applying Axial- 
Flow and Mixed-Flow Pumps,” Sept. |95! 
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FOR SALE 











Ingersoll-Rand Type 2XVGi, 75 HP, 
Heavy Duty, Direct Connected 4 cycle, 
Gas Engine a. Single stage Gas 
Compressor . 
Power ofieden 

2—I1 in. dic. « 12 in. stroke 
Compressor cylindar 

1—!2 in. dia. « 12 tn. stroke 
Complete with starting cir compressor 
and automatic sepetesnet, peas 
of handling 875,000 cu. ft. per day 
Purchased in Séptemb ne nplet sly 
new, and in good operating condition . 
Also meters, runs, drips, heaters and other 

essary for small gathering 

system. 


ROOSEVELT O!L & REFINING CO. 
P.O. Box 271 Mt. Pleasent, Mich. 




















“Proper Maintenance 


Procedure Means 
Longer Bearing Service,’ Sept. 195! 


“The Warm and Cold Tank System for Mul- 


tiple Station Cooling,” Nov. 195! 


“Maintenance ‘Know-How’ Means Efficient 


Batteries,” Aug. |95! 


"Industrial Water Utilization,” June 1952 
“Proper Water Tower Means Water Con- 


servation,’ March/April 195! 
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@ FOR GAUGING LIQUIDS. 
OF ALL KINDS 
@ 100% AUTOMATIC 
uid © APPROVED BY 
Dn . UNDERWRITERS’ 
WRITE FOR COMPLETE DETAILS LABORATORIES 


rue LLQUIDOMETER corr 


36-32 SKILLMAN AVE., LONG ISLAND CITY, 





MAIL 
COUPON! 

















CONCRETE 


Tough Concrete Patch 


Sets Instantly! 


Repair broken factory floors without the usual traffic tie-up. Simply shovel 


INSTANT-USE into hole or rut—tamp smooth —truck over! No waiting! 
INSTANT-USE bonds tight to old concrete . . . right up to a feather edge. 
it's tough. Wears like iron. Won't crack or crumble. Install complete overlay 
where floors are badly chewed up. Used indoors or out. Immediate shipment. 


MAIL COUPON for TRIAL OFFER and FREE HANDBOOK 


PLEXROCK COMPANY Offices in principal cities 
3605 Filbert St., Philadelphia 4, Po 

Please send me complete INSTANT-USE informa- 
tion, details of TRIAL ORDER PLAN and HAND BOOK 
OF BUILDING MAINTENANCE—no obligation. (Clip 
and attach Coupon to Co. letterhead) 
Nome 
Title 
Company 
Address 
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Where an * appears after a name the advertisement does not appear in 
this issue, but appeared in one or both of the two previous issues. 


Acheson Colloids Co. 

Acme Electric Corp. 

Aerotec Corp., The 

Airetool Manufacturing Co. 
Allis-Chalmers Mfg. Co. ‘ 
Alloy Steel Products Co., The 
American Blower Corp. 
American Brass Co. The 
American Brass Co., The 


American Metal Hose Branch . 


American Engineering Co. 
American-Marsh Pumps, inc. 
American Water Softener Co. 
Ames Iron Works 

Anderson Co., The V. D. 


333 


Fourth Cover 


Armstrong Machine Works 


Atlantic Metal Hose Co. 
Atlas Chain & Mfg. Co. 
Atlas Valve Co. 

Avrora Pump Co. 


Babcock & Wilcox Co., The 
Refractories Div. 

Baldwin-Hill Co 

Barco Manufacturing Co 

Beaumont-Birch Co. 

Beckman iInc., Arnold O. 

Belco Industrial Equipment 
iv., inc. 

Bell & Zoller Coal Co. 

Betz, W. H. & L. D 

Bigelow Co., The 

Bird Archer Co. 

Bituminous Coal 

Blaw-Knox Co. 

Boiler Engineering & Supply Co. 

Bowser, Inc. 

Buell Engineering Co., Inc. 

Bussmann Mfg. Co. 

Byers Co.. A. M. 

Byron Jackson Co., Pump Div 


Institute 


Canton Stoker Corp. 

Carborundum Co., The 
Refractories Div. 

Chapman Valve Mfg. Co., The 

Chicago Pneumatic Tool Co. 

Clarage Fan Co. 

Clark Bros. Co. 

Clark Mfg. Co., The 

Clayton Manufacturing Co. 

Cleaver-Brooks Co. 

Cochrane Corp. 

Coe Manufacturing Co 

Combustion Engineering 
Superheater, Inc. 

Cc lidated Chimney Co. 

Cook's Sons, Inc., Adam : 

Copper-Bessemer Corp., The 

Coppus Engineering Corp. 

Crane Co. 

Crane Packing Co. 

Cuno Engineering Corp. 

Cyclotherm Div., U. S. Radiator 
Corp. 





Darling Valve & Mfg. Co. 
Dart Union Co. 

Dearborn Chemical Co 
DeLaval Steam Turbine Co. 
Detroit Stoker Co. 

Diamond Power Specialty Co. 
Drew and Co., E. F. 
Durametallic Corp. 


Eastern Gas & Fuel Associates 
Economy Fuse and Mfg. Co. 


Edward Valves inc., Subsidiary 
22 


of Rockwell Mfg. Co. 

Electric Auto-Lite Co., The 
Elgin Softener Corp. 
Elliott Co., Lagonda Div. 
Elliott Co., Roto Div. 
Engineer Co., The 

Erie City tron Works 
Everlasting Valve Co. 


Felt Products Mfg. Co 

Fiske Bros. Refining Co., 
Lubriplate Div. 

Flexonics Corp. 

Flexrock Co. 

Foster Wheeler Corp. 

Fuller Co. 


INDUSTRY 


Second Cover 
117 
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. 


110-111 
4 


35 


58 


Gallaher Co., The 
Gates Rubber Co., The 
General Coal Co. 
General Electric Co 
General Motors Corp., 

Hyatt Bearings Div. 
Gifford-Wood > 
B. F. Goodrich Co., The 

Industrial Products Div. 
Goodyear Tire & 

Rubber Co., The ‘ 
Graver Water Conditioning Co. 
Greene, Tweed & Co. 

Grinnell 


Hapman-Dutton Co., 
Dutton Boiler Div. 
Hartzell Propeller Fan Co. 
Hays Corp., The 
Heinemann Electric Co. 
Henszey Co. 
Hilliard Corp., The 
Hills-McCanna Co. 
Hoffman Specialty Mfg. Corp. 
Hungerford & Terry, inc 
Hyatt Bearings Div., 
General Motors Corp 


ideal Industries, Inc. 

Ilinois Engineering Co., Inc. 

Infilco Inc. 

Ingersoll-Rand Co. 

international Exposition Co. 

International Nickel Co., 
Inc., The 

Iron Fireman Mfg. Co. 

1-T-E Circuit Breaker Co. 


Jeffrey Mfg. Co., The 
Jenkins Bros. 

Jerguson Gage & Valve Co. 
Johns-Manville 


Kewanee-Ross Corp. 

Key Co., The 

Kirk & Blum Mfg. Co., The 
Klemp Metal Grating Corp 
Kuljian Corp., The 


Leslie Co. 
Link Belt Co. 
Liquidometer Corp., The 
Lovejoy Flexible Coupling Co. 
Lubriplate Division, 

Fiske Bros. Refining Co. 


Magnatron, Inc. 

Manhattan Rubber Div. 
Moanzel, inc. 

Marietta Concrete Corp., The 
Marlow Pumps 

Mercoid “1 The 

Milton Roy Co 


National Aluminate Corp. 

New Industries Committee 

New York Belting & 
Packing Co. 

New York & New Jersey 
Lubricant Co. 

Niagara Blower Co. 

Nicholson & Co., W. H. . 

Nordberg Mfg. Co., The 

Northern Blower Co., The 


Orr & Sembower, Inc. 
Owens-Illinois Glass Co., 
Kaylo Div. 


Patterson-Kelley Co., Inc., The 

Peerless Pump Div., Food 
Machinery & Chemical Corp. 

Penfield Manufacturing Co. 

Pennsylvania Flexible Metallic 
Tubing Co., Inc. 

Permutit Co. 

Pick Manufacturing 

Powers Regulator Co., The 

Preferred Utilities Mfg. Corp. 
Proportioneers, Inc. 

roto Tools 

Pulverizing Machinery Co. 
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_ADVERTISERS' INDEX 


an * appears after a name the advertisement does not appeor in 
wie te issue, but appeared in one or both of the two previous issues 


Raybestos Manhattan, Inc United States Gasket Co 
Manhattan Rubber Div Universal Atlas Cement Co 
Ravbestos Manhattan, Inc U.S. Hoffman Machinery Corp 

Packing Div. 34 U. S. Radiator Corp., 
Refractory & Insulation Corp. Cyclotherm Div 
Research Corp. 
— -wil Co., The bd 

. 

wh & P's: Vogt Machine Co., Henry 
Rockwell Manufacturing Co., . 

Edward Valves, Inc., Sub 
a, Concrete Drill Co. 


Wei P Mfg. h 
Rust-Oleum Corp wg oe linden 4 @- So., the 


Well Equipment Mfg. Corp. 
Western Precipitation Corp. 
. Westinghouse Electric Corp. 

Weston Electrical instrument 
Serco Co., In 


‘ ic rp. 
Schneible Co., Claude 8B. Whee er Mfg. Co., C. H., 
Schramm, Inc. Economy Pumps, Inc., A Div 
Shell Oil Co., Inc. * Wickes Boiler Co., The 
Sims Pump Valve Co., Inc. Wiedeke Co., The Gustav 
Sinclair Refining Co. Wiegand Co., Edwin L 
Smooth-On Mfg. Co. Williams Gauge Co., The 
Snap-Un Tools Corp. Wilson, Inc., Thomas C. 
Southern Coal Co., Inc. Winslow Engineering Co 
Spence r¥’ Co., Inc. Wing Mfg. Co., L 
Standard Oil Co. (Indiana) Worthington Corp. 
Standard Pressed Steel Co. Engine Div. 
Strong, Carlisle and Feedwater Heaters & 
Hammond Co. Decerators Div. The above is one of ovr many hundreds of Water Conditioning 
Sun Oil Co. ; Multi-V Drive Sales Div Plants automatically operated by one of ovr H. GT. poppet type 
spate Gontetien Thi Steam Turbine Div. multiport valves 
$ ae nc. hird Cover Vertical Turbine Div Whether your water problem is softening, filtration, alkalinity re 
y Water Treating Div. duction, oil removal demineralization, requiring new units or for 
e Wright-Austin Co modernizing old, we invite your inquiries 
. Single or Multiple Units — Manual, Semi-Automatic or Fully Auto 

Taylor and Co., W. A ee matic — We can serve you. 
Terry Steam Turbine Co., The 40 = Yarnall-Waring Co 
Texas Co., The Fourth Cover = York-Shipley Tnc 
Thermix Corp., The 15 ° 
Toledo Pipe Threading . 
Machine Co., The 124 
Trane Co., The 123 Zink Co., John 


Bulletins on request or representative will call. 


CLAYTO! 








for all stud threads and stainless 
steel applications . 


LEADING INDUSTRIALS 


now standardize on 


a) \\ = ‘i 
C HI-TEMP PROVIDE THE SENSITIVITY 
THREAD | gRCO, YOUR APPLICATION REQUIRES 
COMPOUND lee DY am FULLY ADJUSTABLE AS TO 


RANGE AND SENSITIVITY 


sented a bff @ BOURDON TUBE OPERATED 
¢ quovente sted brocheget > oe @m VISIBLE CALIBRATED DIAL 


V eliminates pitting of stoiniess steel! 


me VERCOID SEALED 

Stud breakage, long an expensive MERCURY CONTACT 
ag ay oe problem has been solved 

the leadi industrial h : : , 
conti tn tien Can og p There is a Mercoid DA Pressure Control for your particular 
a + ~ oqibes ~ costing for all application in pressures varying from 30” vacuum to 2,500 
stu reads and stainless applications. : : : t : ‘ 
Fel-Pro’s exclusive Colloidal-Copper p.s.i. (available in many different circuit arrangements). 
— — prey negenens Apart from bourdon tube operated pressure controls, Mercoid 

u u re e 0 eade c . 
assemblies after long vad eure to @x- offers a line of bellows and diaphragm actuated controls. 
t t t It t i- . 
pa oo sea ged meg — ¥ = Explosion-proof and weather-proof cases are adaptable to 


steel even where dissimilar metals are : - practically all series. 
joined. 


Conduct your own tests with C-5 ; If you have an automatic control problem involving the control 
Myo. ah. a sopra. Se Mae ™- of pressure, temperature, liquid level or mechanical movement, 


age problems . rite for Freg Sam- , write for Catalog No. 700A. 
- ie and complete data sheet Topvay! , 


THE MERCOID CORPORATION, 4201 BELMONT AVE., CHICAGO, ILL 
(UE Cascell tue. Cilenes 7,iinch mo NEW YORK: 205 £. 42nd ST. © — PHILADELPHIA: 3137 WN. BROAD ST 
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0kAL You get Highest Quality and 
: Workmanship in 


Triple-Purpose Tube Expanders 


for B & W and 
Similar Boilers 


Will roll and flare both 
ends of nipples up to 5” 
long. Reverse combi- 
nation roll furnished is 
used when reaching 
through nipples. 


4 % See Your Dealer, or Write Us Today! 


ea AAS PE oe, 


sw cosy WIEDEKE 


1, 


COMPANY 
o 





Minimum pressure drop — when 
fully open, valve practically as 
free as pipe itself. 

% Uniform, quick control manually 
or automatically. 


* Positive shut off—commercial, drip 
tight or air tight. 


¥* Pressures to 600 p.s.i. Tempera- 
tures to 2000° F. 


% Made of any metal or rubber-lined. 
% Sizes—1” to 72” and larger. 
Write for Valve Catalog 


W. S. ROCKWELL COMPANY 


BUTTERFLY VALVES e SLIDE VALVES . AUTOMATIC VALVES 


2303 Eliot Street ° Fairfield, Conn. 
Sales Representatives in Principal Cities 





2 


"THi¢ LUBRICANT 
SAVED UC 
2,008:16 

IN SEVEN MONTHE 


—says THE BROWN COMPANY 
Quality Paper Makers of Berlin, W. Hi. 











iS 


“During a seven-month period 

before using LUBRIPLATE No. 
130-AA in the bearing of our Kraft 
Mill Lime Kiln, we a conventional 
oil at a cost of $2,134.00. In the seven 
months that followed, we used LUBRI- 
PLATE No. 130-AA for initial filling 
and replacement at the cost of $35.84. 


For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page “‘LUBRIPLATE 
DaTA Book”’. . . a valuable treatise on 
lubrication. Write LUBRIPLATE DIVvI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 























— et 
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this is the plant... 




















Unusually compact arrangement al- 
lowed for the installation of all three 


units in a boiler room only 20’ x 60’ 


UPERIOR 


.. . Where 3 STEAM GENERATORS 
saved more than their cost in less than 2 years 


Only four years ago, this plant was inadequately (3) Because of their compact design, o substantial saving 
heated with coal at a fuel cost (excluding labor) of approx- in space resulted; and the space thus saved was 
imately $44,000. per year. Three years ago, three Superior profitably rented to still further reduce the cost of 
Steam Generators were installed with the following three operation. 
results: 

(1) Fuel costs were cut to $22,000 . . . and in less than two 


years, those Superior Steam Generators saved their 
total cost. This is but one of the many case studies which demon- 


To meet increased demands for process steam, a fourth 
Superior Steam Generator has recently been installed. 


(2) The ability of those Superior Steam Generators to strate the advisability of investigating the installation of 


deliver their full rated capacities provided steam in Superior Steam Generators in your plant. For complete 


excess of that required for heating... which was details write for Catalog 502. 


sold as process steam to further reduce the cost of 


. Superior Steam Generators are fully automatic; burn 
operation. 


oll, gas, or both. 18 sizes from 20 to 600 b.h.p. for 
pressures up to 250 p.s.i. or for hot water. 


for performance you can BA NK on 


La lell|lollal 


SUPERIOR COMBUSTION INDUSTRIES INC. | STEAM GENERATORS 
TIMES TOWER, TIMES SQUARE, NEW YORK 36, N.Y. 





INDUSTRY and POWER 
420 Main St. 
St. Joseph, Michigan authorized by U. S$. Post Office 
FORM 3547 REQUESTED 


Acceptance under Section 34.64 P. L. & &. 


OR 20 years, the power plant for the City of Whether you're operating Diesel, gas or dual-fuel 
Tulia, Texas, has been operating a 550 h.p. engines, you can get a Texaco Ursa Oil exactly right 
Fairbanks-Morse Model VA _ Diesel — lubri- to give you top performance at lowest possible oper- 
cated exclusively with one of the famous Texaco Ursa ating cost. That is one reason why — 
Oils. Never once has there been a stuck ring. Regular ; . , , 
‘ ‘ : - : For over 15 years, more stationary Diesel b.p. in 
inspections and major overhauls have invariably “tart. a Se 
‘ , as ’ the U. S. has been lubricated with Texaco than 
found the engine exceptionally clean. Wear has been 
; , : with any other brand. 
slight, maintenance costs very low. 


Thus, when the City of Tulia installed two new Let a Texaco Lubrication Engineer help you get 
Model 31 Fairbanks-Morse Diesels in 1949, it was greater efficiency and worthwhile savings from your 
only natural that the lubricant chosen should be operation. Just call the nearest of the more than 2,000 
Texaco Ursa Oil. All three engines are running per- Texaco Distributing Plants in the 48 States, or write 


fectly. The Texas Company, 135 East 42nd Street, New York 
There is a complete line of Texaco Ursa Oils. 17,N. Y. 


ay TEXACO URSA OILS 


Gace FOR ALL DIESEL, GAS AND DUAL-FUEL ENGINES 


TUNE IN . . . TEXACO STAR THEATER starring MILTON BERLE, on television Tuesday nights. METROPOLITAN OPERA radio broadcasts Saturday afternoons. 





